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HIGH LEVEL GAMMA MONITOR TYPE D.4125 


Designed by the Nucleonics Division of LABGEAR in collaboration with U.K.A.E.A. Harwell-as Monitor type 1453A. 
This instrument, employing a sealed ionisation chamber, provides a logarithmic indication of the radiation level 
within the Unit. The probe assembly may be handled by remote control at a distance of 50 feet from the indicator. 


Range: 10 mR/hr to 10,000 R/hr. 
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ELECTRONIC INSTRUMENTS 


Standard instruments of our manufacture having applications in nuclear physics are listed below. ‘‘One-off’’ instru- 
ments to order. 


UNIT PULSE EQUIPMENT 


The complete outfit consists of— 
PE3!1 Master Power Supply operating with— 
PE3IPG Pulse Generator 
Amplitudes 180 volts negative and positive; rise time 1000 v microsecond; lengths | -i000 microseconds. 


PE3ITG Trigger Generator 


10-80,000 c s prf; two positive and two negative 50-volt triggers. 


PE3IVAD Variable Delay 


1-1000 microseconds; Gate, sawtooth, positive and negative delayed trigger outputs. 


Other units with built-in power pack include— 
PE3ICU (Mk 2) Time Calibrator 


Crystal controlled; pulsed or free running. 8 markers in the range °5 to 1000 microseconds from common output terminal giving 
timing comb presentation on oscilloscope. 


Type 40 Miniature Amplifier 

Gain 100; bandwidth 15 c s-10 Mc s; stepped gain control. 
PE3IFD (Mk 2) Tapped Delay 

15 Mc s rise time delay line between cathode followers. Delays -05, -!, :2, -5 microseconds. 


SP48 Multiple Pulse Generator 


“Ring of ten”’ pulse pattern of two positive and one negative pulses in any combination. Amplitude 10-100 v in 10 v steps (one 
positive output 5-50 v); lengths |-200 microseconds. Common output for mixed pulses; capable of charging external capaci- 
tance of 005 mfd to 100 v in -2 microseconds. 
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Designed to indicate the integrated doses of 
Gamma or hard X-ray radiation received by 
an individual. The accumulated exposure is 
determined by holding the dosimeter to the 
eye and viewing the position of a fibre on a 
calibrated graticule. Two ranges are avail- 
able, 0 to 0-5r or O to 5r, and full details will 
be sent on request. 








CINEMA 











A COMPANY WITHIN THE RANK ORGANISATION LIMITED 





WORSLEY BRIDGE ROAD : LONDON . S.E.26 
HITHER GREEN 4600 








Nuclear Pdear | 


THE WORLD-WIDE-FAMOUS 


ERHARD 
vA 


WNPUNN ALN EAY Le 





known for their Design, Precision and Quality for more thon 80 years. 


SOLVE ALL PROBLEMS 4 A, 
_ Pt | HY 


A 





iti 




























JOHANNES ERHARD H.WALDENMAIER ERBEN 


Siddeutsche Armaturenfabrik, Heidenheim/ Brenz- Germany 
Telephone 388] Cable: Erhardarmaturen 


For all information write to: 


The Sole Agents for the United Kingdom 


ALK. STARCK’S CO. LTD. 22, Chancery Lane London W.C. 2 


Telephone Holborn 2966 Cable: Akstar London 


vi 





ear Pdear Power 


{uw 


PAULL LL LALLA LA LLL LLL LULU LLL LLL LALA ML MUM MALLU MULL UMMM LATTA TT TTT TNUUVUUVLNUOAUUVUETEUULU LUAU 

















MIMI j j , | V fe 4y 
fo ly j i, J 
; “onnnyyyt 














7 

Uy 

py 
“nmattl 


HANIUNULVNULVUIVOINVOUNHOLLLAOULI0OL4004400440000004E0000400000030000OANOOUNOULU 











in nuclear engineering 
and tube design 


The latest extensions to the new works for 20th Century Electronics Limited provide new 
space for Research, Development and Production of Geiger Counter Tubes and Cathode 
Ray Tubes; special facilities for the manufacture of Neutron Counters are also an 


important feature. Founded in 1945, 20th Century are today established leaders in 





the field of specialised Nuclear Engineering and Tube Design. 






TTT TTT 


i tH MANUFACTURERS OF GEIGER COUNTERS 
AB I 
| Pep l| ow) AND PRECISION CATHODE RAY TUBES 
I Bis J 


ele CuROMICS 


LIMITED 





Centronics Works, King Henry’s Drive 
New Addington, Surrey 
Telephone: Lodge Hill 2121 





TUQQOUUNNNUUOOASVONONUNOUOUOAAOOOALANSAUOANUTOUAAPOOUUANORUOUAAODU TAHA UGAGAURU AAAS HVNULIUULNULVUVOUUNUDUUUVUOOSUGVGDUUUUGLCULEUUOIUCEUVULOULOLLE HOODOO GUUS UY RADY 





reactor 


instrumentation by 


EKCO 


Our extensive experience in nucleonics—in which we 
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The Eisenhower deal 


(. of the Geneva conference emerged a great many 
facts, most of them scientific. One, however, was not 
and in its way it was of far greater importance to far 
more people: the United States now regards atomic 
energy as very big business. Paradoxically, the Americans 
have less incentive to develop nuclear power for their own 
use than any other country in the world, for nowhere is 
conventional power so cheap and so plentiful, and their 
vigorous policy of encouraging the development of a great 
variety of reactors is clearly designed to produce as 
quickly as possible one which will be suitable for export. 
Her friends will put this down to an enlightened desire 
to raise the standard of living throughout the world in 
accordance with the spirit of the United Nations Charter; 
her enemies will see it cynically as just another move in 
the cold war. On reflection, however, it will be seen that 
these diagnoses really amount to the same thing. 

The character of the American exhibits at Geneva, and 
even more so the announcement by Lewis Strauss that 
America is now prepared to sell or lease research amounts 
of uranium 235 and heavy water at prices which made 
delegates gasp, left one in no doubt as to what the next 
move would be. Now it has been made and President 
Eisenhower offers no less than 40,000 kg of uranium 235 
at $25 a gram. Of this, half is for export, but not to 
Soviet-bloc countries and not to Britain and Canada, 
because we make our own. 

There are always two ways at least of looking at an 
action, and iff to British eyes the Eisenhower bargain 
looks like an old-fashioned piece of economic imperialism, 
in countries lined up to receive supplies of enriched fis- 


sionable material it must seem a most generous gesture of 


international cooperation. Probably the latter is much 
nearer the truth, for the price quoted is almost certainly 
marginal and can have little relation to the gross cost 
when capital charges on the plant are included—to say 
nothing of normal commercial profit. Nevertheless, the 
news must sound very good to American industry, for 
thereby it is automatically placed in an extremely strong 
position to offer in the not-too-distant future complete 
nuclear power plants backed by positive assurances that 
the appropriate fuel will arrive at the same time as the 
reactors. Beneficiary countries, too, will welcome the 
news because they will now be able to go ahead and plan 
programmes based on realistic assessments of costs, 
secure in the knowledge that there will be no power cuts 
through fuel shortage. This cannot make pleasant thinking 
in British industry. 

The initial stages of our nuclear energy programme is. 
owing to force of economic circumstance, completely one- 
sided. In the construction of power stations for our own 
use we are well ahead of America, and although it is now 
apparent that the White Paper programme is inadequate 
in scale as it stands, there is little argument that it is 
basically correct in principle. Yet it is extremely doubtful 
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if the graphite-moderated gas-cooled reactor ever really 
was an exportable proposition. Unfortunately it is the 
only one we have within sight of being operational. True, 
it does use natural uranium, the obtaining of which is not 
comparable in difficulty with the production of enriched 
material, but the capital cost, on account of its size, 
is very great and any attraction it may once have had for 
other countries considering a nuclear power programme at 
this stage must have largely evaporated with the news 
that enriched fuel can now be obtained from President 
Eisenhower. 

Platitudinously, we must export or starve, and what 
better to export than nuclear power plant? There is no 
lack of enthusiasm among British engineering firms to 
throw themselves wholeheartedly into this task, but it is 
obvious that they are inhibited until such time as the 
Government are prepared to give assurances that fuels 
of the correct kind will be made available at definite prices. 

Time is very much not on our side in this matter. True 
enough, the American uranium will not be required except 
in research quantities until there is a fully tested power 
reactor available. Even in America this does not exist yet, 
but it is clear that of the several potentially useful 
designs of enriched-fuel thermal reactors now under 
development in the United States, at least one, and 
probably more, will have asserted itself as a normal piece 
of industrial equipment by about 1960 at the latest. In 
Britain there is at present no sign that a comparable 
situation will obtain at that time. It is possible, of course, 
that there will be no strings attached to the President’s 
offer and that American fuel might be used in a suitable 
British reactor should one be produced, but to a country 
starting this business for the first time, the arguments for 
buying all-American must seem very cogent. 

In the matter of design of enriched-fuel thermal 
reactors it should not be assumed from a study of the 
Geneva papers that all difficulties have been overcome 
and that they are now due off the production line. There 
is no evidence, for instance, that all the metallurgical 
problems have been solved or that entirely satisfactory 
control systems have been devised, but it would at least 
be prudent, knowing American industry, to assume that 
these troubles will, in the end, have amounted to no more 
than rather irritating delays. In Britain there is no com- 
parable development, for although private industry has 
been fully used in constructing research and power 
reactors—and has undoubtedly gained invaluable experi- 
ence in this way—it has not yet had an opportunity of 
assuming complete design responsibility for a major 
project. 

Unfortunately, design cannot precede research, and 
when it comes to the enriched-fuel heterogeneous reactor 
there is still virtually no British experience, although 
LEO, now under construction for the UKAEA, will 
provide some. Under the terms of the Anglo-American 
agreement of last year, Britain was precluded from 


classified information on reactors which we were not 





actually building or had projected. This had the curious 


effect of a full exchange on fast breeders and homogeneous 
reactors, but not on the ones of most immediate interest. 
Presumably, now we are building LEO, we will be eligible 
for some of this information, but not before the American 
firms have opened up a big lead. 

We are therefore faced with a highly adverse situation. 
Nevertheless, if resolute Government action is taken soon 
the position can be retrieved. What is needed first and 
foremost is the agreement on fuel. It is clear that our 
output of enriched uranium from the Capenhurst diffusion 
plant and of plutonium from the Windscale plant cannot 
begin to match the American output, and indeed Sir 
Anthony Eden has said that he can hold out no hope of 
being able to follow President Eisenhower’s lead. The 
situation is, of course, highly dependent on military 
requirements and while these must remain purely specu- 
lative owing to the almost total lack of data, one is led to 
the question: how big has the weapon stockpile got to be 
before the claims of private industry to a share in this 
national product can be considered? The time has surely 
come when this matter must be reviewed at the highest 
possible level. 

This fuel is not needed tomorrow, but unless really 
practical amounts, at prices at least comparable with the 
American figures, can be guaranteed it is not going to be 
easy to persuade firms to invest large capital sums in the 
design of nuclear power plant. In the House of Commons 
recently Mr Butler said that long-term plans were already 
under discussion for the export of power reactors, but that 
the demand was unlikely to be substantial for some years. 
Is this the true voice of the nation of shopkeepers? Surely 
not. If we had a practical, economic nuclear power reactor 
ready for export now and backed by an assured fuel 
supply, is there any doubt at all that we could sell it? 

Perhaps it is true that British industry would probably 
merely be embarrassed by a request from abroad at the 
present time for a nuclear power plant, but there is no 
reason to doubt that it is willing and able to push on with 
development work now if only the Government were 
prepared to give it a lead and free it from the state 
monopoly in the same way that American industry has 
been liberated. There is even less doubt that their product 
would be second to none. 

President Eisenhower’s offer, then, must be seen in a 
global light and although the full technical, legal and 
commercial details have yet to be settled, it must be 
recognised that throughout much of the world it is being 
hailed as proof that “Atoms for Peace” means more than 
just an occasional scientific beano with gentlemanly 
exchanges of unclassified information, and is a serious and 
well-intentioned effort to bring actual atomic power to 
countries that really need it. Britain can and must do the 
same. Back in 1945 we found ourselves odd man out: let 
us make sure that 1956 does not find us the man who 
never was. 


Good Europeans 


he pattern of nuclear power developments in Europe is 

still far from clear. Except in Britain and France, the 
subject is as yet in the laboratory stage but, particularly 
since the Eisenhower offer of enriched uranium, the scene 
is now set for far-reaching advances. Some form of inter- 
national cooperation seems to be a basic assumption and 
two distinct plans have been proposed: the six-nation 
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Euratom proposals and the scheme put forward by the 
Council for European Economic Cooperation. Here the 
greater does not include the less although it is possible 
that both plans could work interlocked. 

Euratom is really only part of the much wider Schumann 
plan for European integration which envisages within 
twelve or fifteen years a customs union between France, 
Federal Germany, Italy, Belgium, Holland and Luxem- 
bourg. Full details have not yet been published, but 
broadly speaking the plan envisages the common owner- 
ship of fissionable materials which would be leased, joint 
establishments such as chemical processing plants, 
exchanges of information and personnel and a supra- 
national (pace M. Spaak, who does not like the word) body 
to control the whole undertaking. The plan would not 
restrict the right of member nations to make nuclear 
weapons, but it would include means of preventing pool 
fissionable material from finding its way into them. 

The OEEC proposals have also not yet been codified, 
but a working-party report was published in January. It 
has been discussed by the Council of Ministers and a 
special committee has been charged with the formation of 
definite proposals by the end of May. Unlike Euratom, 
the OEEC scheme does not visualise any relinquishment 
of national sovereignty, although its ultimate aims are 
broadly the same. It sees cooperation under six headings: 
confrontation of programmes and projects; promotion of 
joint undertakings; harmonisations of national leglis- 
lations; promotion of training; promotion of standardisa- 
tion, and a system of international trade. Like Euratom, it 
would not interfere with national weapon undertakings 
and it would ensure by means of a security control that 
fissionable material intended for peaceful purposes was not 
diverted. In the matter of joint undertakings it is interest- 
ing to note that both Euratom and OEEC place great 
importance on the establishment of a joint isotope 
separation plant. 

It might be thought that there was little difference 
between the plans, but economically there is a great deal. 
The Euratom nations have declared that they are not a 
closed shop and that other nations are welcome to join it. 
For obvious reasons, Britain cannot sink her very con- 
siderable resources into a common pool, although she 
has given assurances that if it comes into being we will 
conclude an agreement with it. France is already a con- 
siderable atomic country, Belgium has uranium ore, 
Holland’s contribution to nuclear research is not negligible 
and with Germany just starting, the combination can 
indeed be a formidable one. The situation in OEEC is 
much more favourable from the British point of view, for 
we are members, and if the plan did lead to freer trade in 
nuclear plant and materials it would be greatly to our 
advantage. 

One point, however, does give some cause for concern. 
In the working party’s report it is stated that Britain has 
surplus capacity for fabricating fuel elements and is 
prepared to make it available to other countries under 
contract. According to Mr Macmillan, speaking at the 
OEEC Council of Ministers recently, Britain’s development 
of atomic energy has already cost the taxpayer between 
£200M and £300M. Let us cooperate by all means with 
exchanges of information—let us even publish it—but 
before handing over the use of fuel plants of any kind, let 
us make quite sure that British manufacturers have all 
the fuel they need to produce reactors for sale. 
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Hinton tells of plutonium plant 

Extraction of plutonium from ir- 
radiated natural uranium fuel ele- 
the Windscale 
piles, is now a routine operation 
according to Sir Christopher Hinton, 
general manager of the UKAEA’s 
Industrial Group, who recently de- 
livered the Castner Lecture to the 
of Chemical Industry in 
London on 23rd February. This was 
the first time the process had been 
described in public and Sir Christopher 
revealed how what had once been an 
awe-inspiring project had been turned 
into a practical industrial operation in 
the space of only five or six years. 

The plant has two objects—extract- 


ments, taken from 


Society 


ing the plutonium, which is present in 
the fuel slugs only to the extent of 
about 300 parts per million, and 
reclaiming the unfissioned uranium. 
Of these the former has the highest 
priority and, owing to the great value 
of the plutonium, the design recovery 
is 99-9 per cent. The input amounts 
to “several hundred tons a year” of 
uranium, mixed fission products and 
plutonium. The yield of the latter 
amounts to “hundreds of kilograms 
a year”. 

After consideration of several pos- 
sible methods of separation, it was 
decided to solvent 
extraction and the ultimate choice of 
solvent was dibutyl carbitol, as this 
most nearly met all the requirements. 

Sir Christopher revealed how in 
1946, when the decision to build the 
plant was made, the whole process 
had been devised by Dr Spence of 
Harwell with only 20 mg of plutonium, 
obtained from Canada, to work on. 
The plant, which is of immense com- 


concentrate on 


plexity in view of the highly dangerous 
materials being handled, was handed 
over to the Operations Branch at the 
end of 1951, and by the middle of 
1952 it had produced the plutonium 
which was used in the British Monte 
Bello trials. The plant operated with 
very little major trouble right from 
the start, and within a few weeks it 
was achieving its planned output. 
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First US—UK link-up 


Mitchell Engineering Limited, of 
London and Peterborough, England, 
and A.M.F. Atomics Inc., of New 
York, recently announced joint plans 
to design and construct nuclear power 
plants in the Commonwealth and 
other countries. This is believed to be 
the first agreement of its type and it 
falls within the arrangements per- 
mitted by the UK Atomic Energy 
Authority and the US Atomic Energy 
Commission for collaboration between 
firms in the two countries. 

Speaking in New York, A.M.F. 
Atomics President, General Bedell 
Smith, stated: “This is the first 
international agreement by private 
industry to fulfil the promises of 
President Eisenhower in his ‘Atoms for 
Peace’ declaration. We have every 
hope that this venture will result in 
the development of industry and 
agriculture in the areas of the world 
now without power or in areas where 
power costs are prohibitive.” 

In London, Mitchell’s chairman, 
Mr F. G. Mitchell, said: “Our ex- 
perience in the design and construc- 
tion of important civil engineering 
works and thermal power stations in 
various parts of the world, together 
with the recent work we have under- 
taken for the Atomic Energy Com- 
mission in Scotland, has prepared us 
for this extension of our interests. 
We consider ourselves fortunate in 
having the help and advice of A.M.F. 
Atomics Inc., who will design and 
supply the reactors and their com- 
ponents, thus enabling Mitchell’s to 
be fully organised to supply atomic 
power plants wherever they are 
needed.” 

The A.M.F. reactor is a pressurised 
light-water type using uranium with 
the U**® isotope enriched to about 
5 per cent. 

Special had been 
given in the design to the problem of 
operation by engineers rather than by 
scientists, said Mr Mitchell. This had 
been achieved and, after twelve 
weeks’ training in the United States, 
a trained engineer would be fully 
competent to operate the plant at all 


consideration 
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times with a specially trained team 
from the two companies paying 
periodic visits to replace the fuel. He 
added that he had been assured that 
fuel would be made available. 

Mitchell has been active in the 
atomic energy field since 1950 and 
were awarded pipe work and civil 
engineering contracts for the UK 
Atomic Energy Authority. They are 
also the main contractors for the 
construction of the biggest atomic 
plant now being built in Britain, at 
Chapelcross. 

The American Machine and Foun- 
dry Co., established in 1900, began its 
atomic activities with the Manhattan 
Engineer District, in World War II. 
Its subsidiary, A.M.F. Atomics Inc., 
was formed in April 1955 with General 
Walter Bedell Smith as chairman and 
president, and its programme includes 
the design and manufacture of reactors 
for research and power, reactor com- 
ponents and controls, handling equip- 
ment for radioactive materials, and 
the development of machinery for the 
radiation processing of foods and 
agricultural products. 

The company is building a swim- 
ming-pool research reactor now near- 


ing completion for the Battelle 
Memorial Institute in Columbus. 
Ohio (see this issue of NucLEAR 


Power). It has also proposed the 
construction of a pressurised-water 
power reactor for the Rural Co- 
operative Power Station Programme 
in Elk River, Minnesota; this is now 
being considered by the US Atomic 
Energy Commission. 


AEI-Thompson’s first reactor 

The first privately owned research 
reactor in Britain is being built by 
the newly formed AEI-John Thomp- 
son Nuclear Energy Company at the 
Associated [Electrical Industries 
research centre at Aldermaston Court 
in Berkshire. Known as Merlin 
(medium energy research light-water- 
moderated industrial research reactor) 
the reactor is a water-moderated 
swimming-pool type. The purpose 
is threefold: to provide a_ re- 
search facility for the companies of 








the AEI group, to make available 
instruction and research facilities for 
universities and research bodies, to 
serve as a prototype for similar 
reactors to be offered for sale abroad. 
The AEI-Thompson group are known 
to be preparing designs for power 
reactors for the Central Electricity 
Authority and it is expected that 
Merlin will provide invaluable prac- 
tical experience. The research work 
at Aldermaston Court is under the 
direction of Dr T. E. Alibone FRS, 
and the nuclear physics group of AEI 
started there nine years 
Present research facilities include two 


was ago. 


van de Graaff accelerators—one of 


4 MeV. 
Merlin aluminium-clad 
plate type fuel elements containing 


will use 


45 kg of uranium oxide enriched to 
20 per cent U**. Its normal power 
output will be 1 MW, with a maxi- 
mum of 5 MW. At the higher rating 
the thermal neutron flux is expected 
to be 5 x 10° per sq em per sec. 
The reactor will be fully equipped 
with graphite thermal columns and 
beam tubes. Owing to the high rating 
for a research reactor, forced circula- 
tion cooling will be used. Merlin is 
expected to become critical in 1957. 
Another recent AEI development 
is the acquisition of a block of shares 
in Isotope Developments Ltd, the 
well-known nucleonic instrument firm 
of Aldermaston Wharf, near Reading. 


BICC install particle accelerator 

British Insulated 
Cables Ltd are installing a_ two- 
million-volt van de Graaff particle 
accelerator at their London research 
laboratories. Made by the High 
Voltage Corporation of Cambridge, 
Massachusetts, the machine is similar 
to the one recently installed at the 
Hinxton Hall laboratories of Tube 


Callender’s 


Investments Ltd (see this issue of 


NUCLEAR Power) and, operating at 
about 300 psi, it can be adapted to 
supply high-energy electrons, positive 
ions, neutrons and gamma rays. 

The installation is believed to be 
one of the first to be installed for in- 
dustrial research in Britain and will 
be used by Callender’s to study the 
effects of high-energy irradiation on 
materials used in cable and capacitor 
manufacture. In particular, the com- 
pany say it will further their re- 
searches on the effects of irradiation 
on polyethylene, a subject on which 
they have already done considerable 
work. 


Bradwell hearing opens 


The Minister of Fuel and Power, 
Mr Aubrey Jones, has appointed Mr 
H. W. Grimmitt, chief engineering 
inspector of the Ministry’s electricity 
division, to conduct the public in- 
quiry into the Central Electricity 
Authority’s proposal to build its first 
nuclear power station at Bradwell, in 
Essex. Considerable local opposition 
is expected. The hearing begins at 
Bradwell on 26th April. 


Congratulations from Malenkov 

During Mr Malenkov’s visit to 
Britain in company with a party of 
power station experts last month he 
visited the Atomic Energy Research 
Establishment at Harwell and the 
nearly completed Calder Hall power 
station. At Harwell, on 19th March, 
the USSR Minister for Power Stations 
was shown round by UKAEA chair- 
man, Sir Edwin Plowden and Har- 
well director Sir John Cockcroft. 
Included in the itinerary was DIDO, 
the new heavy-water reactor which is 
expected to be in operation this year. 

At Calder Hall on 26th March Mr 
Malenkov and his party had the plant 
explained to them by chief design 
engineer R. V. Moore. Mr Malenkov 
said: ““We have good results in this 
field in the Soviet Union and will be 
only too glad to share our experiences 
with our British friends, just as we 
see valuable things here which we 
can follow as an example.” Later, in 
a broadcast, he said: “Together with 
our British friends we believe in the 
successful completion of the work of 
construction of this power plant and 
in advance we congratulate them on 
the successful commissioning of it.” 


Cockcroft to open physics conference 

The Institute of Physics—in con- 
junction with the British Nuclear 
Energy Conference—holds a _ con- 
ference on “The physics of nuclear 
reactors” on 3rd to 6th July at the 
Institution of Electrical Engineers in 
London. Designed especially for 
industrial and government physicists 
working or likely to work directly or 
indirectly with reactors, and for lec- 
turers and teachers, the symposium 
will be opened by Sir John Cockcroft 
with an address: “Scientific problems 
in the generation of nuclear power.” 
This will be followed by an exhibition 
and a reception. Subsequent sessions 
will include the following lecturers: 
“The physics of advanced reactors,” 
by Dr J. R. Dietrich (Argonne); 
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“Experimental reactor physics,” by 
P. W. Mummery (Harwell); “Recent 
developments in nuclear theory,” 
by Prof. R. E. Peierls (Birmingham); 
“The effects of irradiation on the 
physical properties of solids and its 
contribution to the physics of the 
solid state,” by Dr A. H. Cottrell 
(Harwell); “Ancillary problems of 
reactors,” by Dr G. C. Laurence 
(Chalk River), Dr A. Salmon (AEI 
Research Labs) and W. MacRae 
(C. A. Parsons and Co. Ltd); “The 
role of chemistry in a nuclear energy 
project,” by Dr R. Spence (Harwell); 
“The role of metallurgy in a nuclear 
energy project,” by R. L. Rotherham 
(Risley). The final session will consist 
of lectures on “Research reactors and 
their uses”, by Dr W. B. Lewis 
(Chalk River) and F. W. Fenning 
(Harwell). 

Non-members of the BNEC may be 
enrolled at a fee of £2 2s., but it is con- 
sidered doubtful that accommodation 
will be available. Full details may be 
obtained from the Institute of Physics. 
17 Belgrave Square, London, SW1. 


Big new nuclear group formed 

A new British group for nuclear 
energy projects has been formed by 
Vickers Ltd, Rolls-Royce Ltd and 
Foster Wheeler Ltd. Vickers have 
formed a company—Vickers Nuclear 
Engineering Ltd—to control policy 
within the Vickers group of engineer- 
ing development in the atomic field. 
The first directors named are: Vickers’ 
chairman, Sir Ronald Weekes; Rolls- 
Royce’s chairman, Lord Hives; 
Vickers-Armstrongs’ chairman, Major- 
General C. A. L. Dunphie; and Foster 
Wheeler’s managing-director, Geoffrey 
H. Hopewell. In executive charge of 
the project is Rear-Admiral L. E. 
Rebbeck, who joined Vickers last 
year after retiring from the Navy. It 
is understood that the firms are pre- 
pared to act independently or as a 
group. 

The announcement was timed sig- 
nificantly to coincide with the state- 
ment in this year’s Navy Estimates 
that Britain is to embark on an 
atomic submarine project and that one 
of the largest 
firms, along with other engineering 
firms, would co-operate in the project. 
it might be presumed that the new 
group is the one referred to. 

All three firms are known to have 
been interested in nuclear matters 
for some time. Vickers are believed 
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to have been carrying out marine 
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studies, Foster Wheeler are known 
to have been working on liquid-metal 
problems and Rolls-Royce recently 
announced that have been 
working on aircraft nuclear projects. 


they 


Aircraft reactor progress? 

Rolls-Royce Ltd, it was recently 
revealed, has been working on light- 
weight reactors for aircraft for the 
past 18 months. 

A practical atomic engine for air- 
craft depends, says Rolls-Royce, on 
“the solution of problems requiring 
unusual and frequently novel research 
equipment specially designed and 
constructed to high standards of 
accuracy and safety”’. A hint as to the 
nature of one of these is the fact that 
Dr S. G. Bauer, an authority on 
high-temperature liquid metals, re- 
cently joined the firm from Harwell. 

The Society of British Aircraft 
Constructors say it is probable that 
atom-powered aircraft will employ 
jet propulsion, but whereas the 
efflux temperature of a conventional 
turbo-jet may reach 1300-1500° F, it 
may reach as much as 4000° F in an 
atomic engine. Consequently the 
development of metals which boil 
only at very high temperatures is of 
prime importance. 

The chambers of a 
conventional jet would be replaced 
in an atomic engine by a reactor, 
which would be used to produce a 
flow of gas at high pressure and tem- 
perature. To keep the reactor tem- 
perature within safe limits, air cooling 
or liquid cooling with a heat exchanger 
is possible, but the evolution of a 
satisfactory coolant is a major prob- 


combustion 


lem in itself—liquid sodium being one 
of several possible solutions. A third 
possibility is the use of a steam-tur- 
bine with a pressurised water reactor. 

Another problem is the shielding of 
the crew and passengers from radio- 
activity. This necessitates a metal 
screen of great thickness. If lead were 
used—this being one of the most 
effective metals—a thickness of 2 ft 
would be necessary, thus incurring a 
tremendous weight penalty. 

Other problems include the crash 
risk—radioactivity could be scat- 
tered over a wide area—and landing 
weight. On present-day aircraft, fuel 
consumed in flight reduces their 
landing weight, but this would not 
happen in an atomic plane. Under- 
carriage and structure would have to 
be stressed for landings at maximum 
weight and greater speed. But a long- 


range conventional aircraft designed 
to carry 100,000 lb of fuel (enough for 
perhaps 5,500 miles) could travel the 
same distance with -05 lb of uranium 
235. Indeed 1 lb of U** could supply 
as much heat as 1} million gallons 
of petrol. Thus atomic-powered air- 
craft would have almost unlimited 
range and the first examples may 
therefore be large bombers, ocean- 
patrol flying-boats and transports. 

It may be, concluded the SBAC, 
that Rolls-Royce has already gone 
far in solving these and other prob- 
lems associated with atomic aero- 
engines. 


Britain gets US heavy water 

At the post-Geneva price of $28 a 
pound, Britain has already received 
about 11 tons out of a total allocation 
of 50 tons of heavy water from the 
United States. A total shipment of 
129 tons is being distributed as 
follows: Britain, 50 tons; France. 
30 tons; India, 21 tons; Australia, 
11 tons; Italy, 10 tons; and Switzer- 
land, 7 tons. 


Public relations at Annan 


The residents of the little Scottish 
town of Annan on the banks of the 
Solway Firth were recently invited to 
an exhibition organised by the UK 
Atomic Energy Authority to show 
them what the new nuclear power 
station now under construction at 
Chapel Cross will look like. This is 
part of the UKAEA’s power station 
programme and is not to be confused 
with the Central Electricity Autho- 
rity’s ten-year plan. The station will 
comprise four natural uranium gas- 
cooled reactors of the Calder Hall 
type and it will have a total installed 
power of about 125 MW. It will be 
fully commissioned by the end of 
1959. The exhibition, which included 
models and diagrams, was opened by 
the UKAEA Industrial Group’s 
Director of Operations, Mr D. W. 
Cole. 


20th Century license Swiss firm 

Under the terms of a long-term 
agreement recently signed between 
20th Century Electronics Ltd of 
New Addington and Landis and Gyr 
of Zug, the Swiss firm are to have 
exclusive marketing rights for 20th 
Century Geiger counters and cathode- 
ray tubes in that country. Paul Fir- 
chow Nachfolgen, the Landis and 
Gyr associate in West Germany, have 
a similar arrangement. According to 


Gilbert Tomes, 20th Century’s manag- 
ing director, the contract was for “a 
considerable sum, payable in advance” 
and will cover the training of foreign 
engineers here and the right to use 
the firm’s patents and designs. It will 
be recalled that similar five-year 
licences were recently granted by the 
British firm to CSF (Compagnie 
Générale Sans Fil) in Paris, who took 
the French and French Protectorate 
rights, and to ACEC (Ateliers de Con- 
structions Electriques de Charleroi), 
who were granted exclusive licences 
in Belgium and Holland. Mr Tomes 
also stated that his company is con- 
sidering granting a licence to the 
USA and Canada and that 
tiations are currently in 
with a Chicago firm. 

Other recent developments at 20th 
Century affect the board and a new 
department. After five years as 
general manager, Norman Balaam 
has been made a director and chief 
engineer. Mr Balaam joined the com- 
pany in 1949 and his new appoint- 
ment will give direct board-room con- 
tact with its expanding technical and 
development interests. A. E. Jen- 
nings has been appointed head of 
their new photo-electric laboratory, 
Previously with EMI Research Labs, 
Mr Jennings was a leading member 
of the team that developed the CPS 
emitron and was responsible for the 
early development of the stabilised 
version of the tube. An area of over 
8000 sq ft has recently been added 
to the factory, and much of this 
space will be devoted to the develop- 
ment of photo-multiplier tubes and 
other photo-electric devices. 
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Bradford discusses radiochemistry 


A symposium on radiochemistry— 
believed to be the first ever held in the 
provinces—took place on 17th-18th 
February at Bradford Technical Col- 
lege under the auspices of the Brad- 
ford Chemical Society. Over 200 
students and others attended the 
sessions and four papers were read: 
“Basic principles of radio-chemistry,” 
by Dr G. B. Cook; ““Measurement of 
beta and gamma radiation,” by Dr 
Denis Taylor; “Estimation of isotopic 
concentrations,” by Mr A. A. Smales; 
‘Applications to chemical problems,” 
by Dr D. R. Stranks. There was also 
an exhibition of scientific apparatus. 
arranged by the following firms: 
Quickfit and Quartz Ltd, Cuthbert’s 
of Huddersfield, Reynolds and Bran- 


som of Leeds, Townson and Mercer 








Ltd. Ltd, 
R. L. Elliott, General Radiological 
Ltd, 20th Century Electronics Ltd, 
Panax Equipment Ltd, Philips Elec- 


Electronic Instruments 


trical Ltd, A. M. Lock (showing 
equipment from Isotope Develop- 
ments Ltd, Pye Ltd and Evans 


Electroselenium Ltd), Ericssons Ltd, 
Labgear Ltd, Research Utilities. 
Baird and Tatlock Ltd and Ekco 
Electronics Ltd. NucteEAR Power’s 
own correspondent reports that the 
two most novel exhibits were: (1) 
A neutron source, shown by the 
University of Leeds, used in con- 
nection with the teaching of radio- 
activation analysis. (2) A combined 
beta and gamma ionisation chamber 


for the maintenance of standards of 


radioactive nuclides, shown by 


General Radiological Ltd of London. 


Faraday Medal for Hahn 


At the final session of the annual 
meeting of the Chemical Society in 
Nottingham on 28th March, the 
Faraday lecture was given by Pro- 
fessor Otto Hahn, after which he was 
presented with the Society’s highest 
award—the Faraday Medal. Professor 
Hahn described his work in physics 
between the years 1904 and 1938 and 
in particular his great work with 
Lise Meitner and Strasseman in the 
1930s—work which culminated in the 
discovery of uranium fission. 


“House Full” at BNEC symposium 

In conjunction with the British 
Energy 
Institution of Mechanical Engineers 
held a symposium on nuclear energy 


Nuclear Conference, the 


at Church House, Westminster, 
London, on 28th March. It was 


intended to form a general introduc- 
tion to the subject for mechnical 
engineers who otherwise had little 
specialised knowledge of nuclear 
physics. The following papers were 
presented: “Nuclear reactors for 
power generation”, hy B. L. Goodlet. 
lately in charge of engineering research 
AERE. 
Harwell, and now chief engineer and 
director of the Brush group; “Steam 
cycles and nuclear power plant’’, by 
R. E. Zoller, assistant chief engineer 
of Babcock and Wilcox Ltd; “Heat 
removal from nuclear power reactors”, 
by Jack Diamond, 
mechanical engineering at Manchester 
University, and W. B. Hall of the 
UKAEA (IG), Sellafield; “‘Shielding 
against nuclear radiation”, by C. E. 


lliffe of the UKAEA(IG). 


and development at the 


professor of 


The authors read short summaries 
of their papers and the meeting then 
went on to discuss them. It is under- 
stood that about 1500 applications 
for tickets were received but that it 
was possible to accommodate only 
about 800 in the Assembly Hall. 

NUCLEAR PoweEr’s reporter writes: 
The response must have been most 
gratifying to the 
clearly demonstrates the tremendous 
interest which British engineers are 
showing in this new field which is now 
open to them. Mr Goodlet’s paper 
(‘a textbook”, as one speaker de- 
scribed it) formed an admirable intro- 


organisers and 


duction to the subject, and if—as he 
said himself—it contained nothing 
new, it certainly was “a contribution 
not to knowledge, but to education”. 
This remark really crystallised the aim 
of the conference and it was fully 
appreciated. Throughout the dis- 
cussion there was an insistence that 
the development of materials was the 
key to the whole future of atomic 
energy and that theory was not 
enough—full-scale practical tests at 
all stages was a prerequisite for 
success. There was also a feeling that 
high cycle temperatures were some- 
times pursued as an end in them- 
selves and that in nuclear engineering 
and financial 
were more important than classic 


reliability efficiency 
thermodynamic efficiency. 

It was also apparent that the time 
has come when engineers must master 
the physics required so that they 
could take on complete design re- 
sponsibility as for any other engineer- 
ing project. The meeting was highly 
entertained by a witty speech from 
Mr Ginns, who recalled some memories 
of the early fourteen 
years ago!—in Canada. Incidentally, 
one of the authors revealed that it 


days—only 


was Mr Ginns who first suggested the 
use of extended surfaces on fuel cans. 


New instruments for London 

This year’s Physical Society Exhi- 
bition will be held in the New and 
Old Horticultural Halls, 
Square, Westminster, London, from 
14th to 17th May. The UKAEA will 
be showing a variety of new instru- 
recently in its 
research and weapons groups and as 
usual the British instrument industry 
will be well represented with new and 


Vincent 


ments developed 


improved products. Admission will 
be by ticket only. These may be had 
from the secretary at | 
Gardens. London, SW7. 
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Films will boost Britain 

A British film-producer, B. Charles- 
Dean, is to make a series of six three- 
reeler films to show the world that 
Britain is determined to keep in the 
forefront of nuclear energy develop- 
ments. The title of the series, which is 
to be in colour, is “British Atomic 
News”. It is understood that co- 
operation of the UKAEA has been 
obtained, in addition to that of many 
private firms. 

Mr Charles-Dean said _ recently 
that he had become interested in the 
subject as a result of the Geneva 
Conference and this had inspired him 
to plan these films. “We have a great 
story to tell,” he added, “and it 
needs 
audience.” The 


much wider 
will first be 
shown abroad through British em- 


telling to a 
films 


bassies and consulates and later they 
will be available here. The first series 
will be generally non-technical. but 
it is understood that a further one 
might be made with a more specialist 
appeal. 


New Harwell offshoot 


The UK Atomic Energy Authority 
is to build a new research station on a 
airfield 


from the 


disused about seven miles 


main research centre at 
Situated at 


Wantage, the new station is a small 


Harwell. Grove, near 
one and will provide laboratories to 
allow the Technological Irradiation 
Group to develop more rapidly. This 
is part of Harwell’s Isotope Division 
and it was formed in June 1955 to 
assist industry to make full use of the 
large amounts of radioactive material 
which will soon be coming as by- 
products from Britain’s nuclear energy 
plants. Buildings already exist at 
Grove so that the work of the new 
group should advance rapidly. More- 
over, it will be outside the Harwell 
perimeter, which will reduce security 
formalities and thus permit industry 
to cooperate to the full. 

No waste 
charged, as any small quantities which 
arise will be transferred to the main 


materials will be dis- 


Harwell plant for treatment and dis- 
posal. A similar system has been in 
use at the Radiochemical Centre at 
Amersham for some time. Later it is 
proposed to transfer the 
School from Harwell to Grove. 


[sotope 


Power station analogue computer 

The Nuclear Division of Elliott 
Brothers (London) Ltd is currently 
engaged in manufacturing an ana- 
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logue computer for reactor power 
station kinetics for the Industrial 
Atomic Energy Department of the 
General Electric Company Ltd, Erith. 
This computer has been designed to 
GEC requirements for problems 
associated with gas-cooled graphite- 
moderated reactor stations, although 
the flexibility of the machine will 
allow its use in the design of other 
The computer, 
which normally operates in real time, 


forms of reactor. 


will not only solve equations con- 


cerned with the control and safety of 


the reactor but it will also provide 


solutions to heat exchanger and 
turbo-alternator transients. Designers 
will be able to study and determine 
the effects due to variation of para- 
ineters on the operation of a nuclear 


power station. 


AEA grant up £14M 
The UK Atomic Energy Authority 


is to have a Government grant of 


£68-3M for the financial year 1956-7 
according to the Civil Estimates. The 
increase of £14-1M over last year’s 
figure is put down to 
spending on works services. plant 


increased 


and machinery, and on salaries, 


wages and travelling expenses. A 
total of £11-7M is earmarked for new 
work to be started this year, but only 
a part of the money will actually be 
spent during the period. 

In addition to the grant the 
Government loan for financing the 
production of uranium and heavy 
water has been raised from £3-9M to 
£4-8M. 


Harwell’s first ten years 

Ten years ago Britain’s Atomic 
Energy Research Establishment was 
started at Harwell. To mark the 
anniversary a week of “open days” 
is being organised for the week ending 
2nd June. Members of Parliament, 
British and foreign pressmen and 
local residents will be invited to tour 
Harwell during the first four days. 
while on Friday lst June the research 
centre will be open to invited represen- 
tatives from universities, research 
establishments and industry. 

As a result of a big security let-up 
which was organised just before the 
Geneva conference, visitors will be 
able to see very much more of the 
work than was previously possible. 

Princess Margaret visited the 
Establishment on 11th March, when 
she spent four hours being shown 
round, 
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Uranium boom starting 

Canadian production of uranium 
is likely to exceed that of the United 
States and South Africa by 1958, 
according to Mr W. J. Bennett, 
president of Atomic Energy of 
Canada Ltd, in a recent speech in 
Hamilton, Ont. In four years time. 
said Mr Bennett, the gross value of 
Canadian uranium production would 
be about $250M a year. Canada’s 
domestic consumption would take up 
only a small part of this and it would 
be necessary to find export markets. 


India seeks British advice 

The British firm of Costain-John 
Brown Ltd has been engaged by the 
Atomic Energy Department of the 
Government of India to prepare a 
report on the possibility of producing 
heavy water ata proposed new fer- 
tiliser factory in the Punjab. 


united states 


Go-ahead for private fuel processing 

Private firms in the United States 
are now to be allowed to build and 
operate plants for processing irra- 
research 
and power reactors. They will have. 
however, to obtain AEC approval and 
the Commission has 


diated fuel elements from 


called for 
definite proposals. To gain this, firms 
will have to prove that their proposal 
is sound technically and economically 
and that the security of the waste- 
disposal system is adequate. To aid 
them, the AEC is prepared to put 
knowledge at the disposal of approved 
firms and it will also supply limited 
amounts of irradiated fuel for pilot- 
plant studies. 


Westinghouse go homogeneous 

What is believed to be the first 
homogeneous reactor to be built by 
a private firm is projected by the 
Westinghouse 
of Pittsburgh, 
with the Pennsylvania Power and 
Light Company. According to ad- 
vance details the plant is designed 
to produce 150 MW and is to be 
situated East Penn- 
sylvania. It will be financed entirely 


Electric Corporation 
Pa, in cooperation 


somewhere in 


by the two companies, no Govern- 
ment aid having been requested. The 
scheduled date for operations is 1962. 


Atom cruiser for Navy 


submarines 
and a guided-missile light cruiser are 
to be built in the United States as 
part of the Navy’s 1957 programme. 
Commenting after the plans were 
presented to the Senate Armed Ser- 
vices Committee in Washington on 
23rd March, Rear-Admiral B. E. 
Manseau, deputy chief of the Navy’s 
Bureau of Ships, said: “The 1957 
shipbuilding 


Six nuclear-powered 


programme may be 
summarised as a major step forward 
in the application of nuclear power 
and guided missiles to the fleet, and 
in the further strengthening of our 
aircraft-carrier task forces.” 


Europe’s need greater—Libby 

likely to be 
competitive sooner in Europe than in 
America, according to Willard F. 
Libby of the US Atomic Energy 
Commission. 


Nuclear power is 


Speaking recently in 
Chicago at the American Power 
Congress, Dr Libby pointed out that 
‘in Europe . . . coal seams have been 
mined exhaustively and in some cases 
there is actual need for ‘carrying 
coals to whereas in 
America there were still large reserves 


Newcastle’,”’ 


of oil, coal and gas. The principal 
conclusion reached at the Geneva 
conference, said Dr Libby, was that 
“atomic now is 


power not only 


desirable but is absolutely necessary”. 


Huge AEC handout 

A recent declassification review by 
the US Atomic Energy Commission 
resulted in the freeing for publication 
of 10,916 research and development 
reports out of a total of 30,773. The 
review was carried out by a team of 
thirty-five scientists and engineers 
drawn from all the major AEC estab- 
lishments. Study of the reports took 
place at the Oak Ridge, Tennessee, 
Offices of the AEC. The declassifica- 
tion resulted from a revised policy 
adopted a year ago and will make 
much important information available 
to all countries. 


Organic-moderated reacter 

It was announced in Washington 
on 6th April that 
national had 
from the AEC to build an organic- 
moderated Part of the 
commission’s civilian power reactor 
development programme, this ex- 
perimental reactor is designed to 
establish the technical feasibility of 
using a 


Atomics Inter- 


received a_ contract 


reactor. 


hydrocarbon compound. 





diphenyl, as a moderator and coolant. 
The advantages of organic compounds 
such as this are: low induced radio- 
activity, low corrosion of fuel ele- 
ments and high boiling-point which 
makes reasonably high-temperature 
systems possible. 

The Atomics International reactor 
will be designed to generate from 
5000 to 15,000 kW of heat and will 
simulate conditions of heat transfer. 
temperature, and coolant flow which 
would exist in a practical reactor. 
Fuel will be highly enriched U**. 
Construction will begin this year and 
the reactor is due for completion early 
next year. 


More scientists needed 

Speaking in Dallas, Texas, on 10th 
April, Dr Willard F. Libby, AEC 
commissioner, said that although the 
men working in nuclear energy are 
highly skilled scientists there are too 
few of them. Dr Libby was speaking 
at the 129th national meeting of the 
American Chemical Society as he 
called for a greater output of trained 
scientists for the new industry. 


Atoms for Peace awards 

Details were released in Cambridge. 
Mass., on Ist April of the awards to 
he made by the Ford Motor Company 
which were announced at the Geneva 
Conference. The trustees of Atoms for 
Peace Awards that the 
winner each year would be selected 
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from individuals or organisations 
who, in the opinion of the trustees, 
have made the greatest contributions 
to the peaceful uses of atomic energy. 
The winner will receive a medal and 
up to $75,000 in The total 
Ford Fund is $1M. 

It is anticipated that the first award 
the 
year. Nominations for a Ford award 


cash. 


will be announced within next 
will be accepted from individuals and 
organisations in the 
world. These will be examined by the 
will the 
selection. Chairman of the trustees is 
Dr James R. Killian, Jr, President 
of the Massachusetts Institute of 
Technology. 


any part of 


trustees, who make final 


Pacific site for Asian atom centre 

The Philippines has been chosen 
as the site of the Asian nuclear centre 
which was proposed by the United 
States at the Colombo Plan meeting 
in Singapore last October, according 
to the 
administration. 


International 


The 


Cooperation 


American con- 


tribution will be about $20M and 
the AEC’s Brookhaven National 
Laboratory is to survey the islands 
for possible sites and prepare technical 
proposals as to how the centre can 
best serve the needs of the region. 
The purpose of the centre is to supple- 
ment existing facilities in the Plan 


countries for the basic training of 


engineers, chemists and physicists. 
together with adequate 
facilities. 


research 


Speaking in Washington after the 
announcement, ICA Deputy Director 
William F. Russell said it was “the 
most ambitious, costly and extensive 
nuclear project for solving health, 
economics and industrial problems in 
Asia”, and added that the informa- 
tion gained would be shared through- 
out the world. 


The second “‘Geneva”’ Conference 

Seven nations met in New York on 
26th March to plan first steps towards 
the realisation of the second great 


conference on the peaceful uses of 


formed the 
the 1955 
Geneva Conference and this was such 
that the UN 


Assembly asked it to continue to help 


atomic energy. 


They 
advisory committee for 


a success General 


Secretary-General Dag Hammar- 
skjéld in organising the next one in 
two or three years time. Represented 
on the committee were Brazil. 
Canada, France, India, the USSR, the 
UK and the USA. This session was on 
the _ political Britain’s 
representative was Sir Pierson Dixon. 


level and 


The meeting was private and no 
communiqué was issued. 


Death of Mme Joliot-Curie 


Madame Iréne Joliot-Curie died in 
the Curie Hospital, Paris, on 17th 
March at the age of 58. Iréne Curie 
was the eldest daughter of Pierre and 
Marie Curie and at the age of 22 she 
began to assist her mother at the 
Institut du Radium. In 1926 she and 
Frédéric Joliot were married and 
their joint discovery of artificially 
produced radioactivity—made by 
bombarding aluminium and other 
elements with alpha-particles from 
naturally radioactive polonium— 
gained for them in 1935 the Nobel 
Prize for Chemistry, 
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Madame Joliot-Curie’s health had 
been undermined through many years 
of work without adequate protection, 
but she continued to lecture up to 
about a month before her death. 


scandinavia 


Stockholm Instrument Conference 


The Fourth International Instru- 
ments and Measurements Conference 
is to be held at Stockholm during 
September (15th to 23rd) under the 
sponsorship of the Royal Swedish 
Academy of Engineering Services, the 
Swedish Association of Technical 
Physicists and the Association of 
Swedish Instrument Importers. As at 
previous conferences, the meetings 
will take place in six sessions, dealing 
with: nuclear instruments, automatic 
process control, computers, physical 
methods for chemical analysis, spec- 
troscopy and optics. In each the theme 
will be the application of measuring 
techniques and scientific instruments 
to research and industrial processes. 
Prominent specialists from a number 
of countries have been invited to con- 
tribute introductory lectures, and it 
is understood that Dr Denis Taylor 
and Mr Jack L. Putman, of the 
Atomic Energy Research Establish- 
ment, Harwell, have accepted. 

The exhibition will be in two parts 
—scientific trade. National 
atomic energy projects are likely to 
contribute to the scientific exhibition; 
the UKAEA have already booked a 
stand and the organisers state that 
both the US and the USSR atomic 


energy commissions are negotiating to 


and 


display their instrument develop- 
ments. 

The trade exhibition has always 
been one of the features of the con- 
ference, as many as forty different 
countries taking part, and a good 
response is again anticipated from 
British nuclear instrument manufac- 


turers. 


Swedes buy British 

An order for a specialised mill for 
rolling uranium has been placed by 
A.B. Atom Energi (the Swedish 
Atomic Energy Authority) with the 
Tube Investments subsidiary, W. H. A. 
Robertson and Co. Ltd, of Bedford. 

Robertsons built the first mill of this 
type in the United Kingdom, and 
now have a number in production for 


the UKAEA. 
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Heavy-water production methods 


he technical problems of obtaining and 
‘Rate nuclear fuels having by now 
largely been solved, there still remains the 
problem of producing heavy water on an 
The 


particularly 


industrial scale at a realistic cost. 
importance of this substance 
for Great Britain, where the second stage 
of the reactor programme is obviously under 
serious consideration—can be summed up 
broadly as follows: 

(1) If only natural uranium is avail- 
able, heavy water forms an ideal 
moderator due to its excellent slowing- 
down and low 


power absorption 


cross-section for thermal neutrons. 
It can also serve as a coolant and 
moderator. Even if slightly enriched 
fuel is available, the use of heavy 
water results in a smaller fuel inven- 
tory with a corresponding all-round 
reduction in plant size. 

For thermal homogeneous reactors, 
heavy water is probably the only 
really satisfactory moderator-cool- 

ant. 

Up till now the very high cost has dis- 
couraged the use of this moderator for power 
reactors—about one ton would be needed 
per megawatt of installed electrical capacity 

-but the attractions are such that strong 
incentives exist to evolve new methods of 
production. 

For any country contemplating a purely 
peaceful atomic energy programme at the 
present time the choice might well lie 
between obtaining either enriched fuel or 
heavy water. If, of course, there is a military 
programme too, there will be a supply of 
enriched U* from a diffusion plant or of 
Pu®*® from a plutonium production plant. 
Nevertheless, even slightly enriched fuel 
combined with a heavy-water moderator 
can lead to considerable reductions in plant 
size, so that even in this case heavy water 
offers important advantages. 


At the present time only four countries 


A survey 


of some known processes 


Information on current methods of heavy-water production is severely restricted. Never- 
theless, working on published data, it is possible to build up some kind of picture of the present 
position which might not be too far from the truth. After discussion of the principles involved, 
the article describes in some detail plants which have been used for heavy-water production 
or which are projected and concludes with some suggestions on the form which future plants 
might take. 


Les renseignements concernant les procédés employés actuellement pour la production 
d'eau lourde restent fori restreints. Néanmoins, en se basant sur les faits divulgués, il est 
possible de se faire une idée de la situation a Vheure actuelle qui est peut-étre assez prés de la 
vérité. Apres avoir exposé les principes en jeu, Uarticle décrit d'une facgon assez détaillée des 
installations qui ont été employées pour la production d’eau lourde, ou qui sont a Vétude, 
et finit en suggérant les formes que les installations futures sont susceptibles de prendre. 


Vitteilungen tiber die zur Zeit bei der Erzeugung von schwerem Wasser benutzten Verfahren 
liegen nur sehr spdrlich vor. Immerhin kann man sich auf Grund der bisherigen Veréffent- 
lichungen ein ungefdhres Bild machen, das wahrscheinlich nicht weit von der Wahrheit 
entfernt ist. Nach Besprechung der Grundlagen, beschreibt der Artikel ziemlich eingehend 

inlagen, die fiir die Erzeugung von schwerem Wasser bisher gebaut bzw. projektiert wurden, 
und er schliesst mit einigen Hinweisen auf die Entwicklung, die im Bau solcher Anlagen 
vermutlich zu erwarten ist. 


La informacion sobre los métodos corrientes de produccién de agua pesada, estd severa- 
mente restringida. Sin embargo, trabajando sobre detalles ya publicados, es posible reconstituir 
una pintura de la posicién actual y que no esté muy lejos de la verdad. Despues de discutir 
los principios implicados, el articulo describe con algun detalle instalaciones que han sido 
usadas para la produccion de agua pesada, 0 que estan proyectadas y concluidas, con algunas 
sugerencias sobre la estructura que dichas instalaciones puedan tomar en el futuro. 
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are known to be producing heavy water on a commercial 
scale: the United States, the USSR, Canada and Norway 

-possibly in that order of output. Smaller plants are 
known to be under construction in France and Switzerland; 
and, while the British-New Zealand scheme has now been 
dropped, it is understood that the British firm of Costain- 
John Brown Ltd are acting as consultants to the Govern- 
ment of India for the possible production of heavy water as 
a by-product from some of the new giant fertiliser factories 
there. 

At the present time the subject is one of the most 
sensitive in the whole field of atomic energy, the probable 
reason being that deuterium forms a part of the hydro- 
gen bomb. For this reason the present survey, which is 
based only on published information, can do little more 
than lift a corner of the curtain which conceals what is 
certain to be a very large canvas. 

Deuterium (1 proton, 1 neutron) is the heavy isotope of 
hydrogen and it exists in ordinary hydrogen and its com- 
pounds in the natural abundance of about one atom in 
7000, or 0-0143 per cent, the exact amount varying a little. 
In hydrogen gas it is found mostly in the form of deu- 
terium hydride (HD), while in natural water it exists to a 
large extent in the form of the HDO molecule. As the 
concentration is increased, however, by any process, the 
deuterium becomes dissociated into D, and D,O respec- 
tively. The following table gives the physical properties of 
heavy water compared with natural water: 





max. melting pt | boiling pt | molecular 
density 760 mm Hg 760mm Hg weight 
D,O;| 1/106 at 38-84 F 214-57° F 20 
56°6° F 
H,O| 1-000 at 32° F 212° F 18 
39-2° F 


On the face of it, the separation of the isotopes should 
be simple since the deuterium atom has twice the mass of 
the hydrogen one. In a laboratory instrument such as a 
mass spectrometer this is so, but a research reactor might 
need up to 5 tons of heavy water and a power reactor 
perhaps 200 tons, so that such methods are ruled out on 
the grounds of the great quantities required. 

Many processes have been considered (') (?) in the past, 
but it would seem that unless something quite new has 
been discovered, there are only three basic processes of 
practical interest, although more than one may be used 
in combination. These are: 

(1) Distillation, either of water or liquid hydrogen. 

(2) Electrolysis of water. 

(3) Chemical exchanges between hydrogen and deu- 

terium and their compounds. 

Since the percentage of product in the feed to any of 





these processes is so minute—really only a trace impurity 
—any plant must have a great number of stages and 
consume a huge amount of heat or electricity or both. Let 
us now consider these processes in detail. 

Hydrogen and deuterium and corresponding compounds 
of these isotopes have different vapour pressures at the 
same temperature so they may, in principle, be separated 
by the method of fractional distillation. Natural water and 
liquid hydrogen appear to be the only substances which 
have so far been considered for large-scale production. 
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In natural water, the deuterium atoms are present 
mostly in the isotopic compound HDO, with only very few 
D,O molecules, so that the first stage of the operation is 
largely a question of separating H,O and HDO, and since 
the separation factor between these is extremely low the 
recovery from the early stages is inefficient. As the process 
continues, the efficiency increases because the separation 
factor between HDO and D,O is better. This process 
requires enormous quantities of cheap steam and was in 
fact that used by the United States for the Manhattan 
District project. 

On paper, hydrogen distillation appears to offer a much 
greater efficiency of separation. The deuterium in this 
case is present largely in the form of HD molecules which 
have an appreciably lower vapour pressure than H, ones, 
This process, to be economic, obviously requires a use for 
the large quantities of hydrogen which are necessary. 
Moreover, the hydrogen has to be liquefied at a temperature 
of about — 420° F which, on an industrial scale, is a 
formidable undertaking. It is interesting to note that this 
method was in fact used by Urey and his co-workers when 
they discovered the isotope in 1932, but although much 
thought has been given to the building of an industrial 
plant, there is as yet no official information that one is 
actually working. It is known, however, that such a plant 
is being constructed for the French Atomic Energy Com- 
mission. As far back as 1945 the Maloney-Ray report (') 
put forward a strong recommendation to the United 
States Atomic Energy Commission that a hydrogen dis- 
tillation plant should be built and it is at least highly 
probable that this has in fact been done, although con- 
firmation or details have never been released. 

When water is decomposed electrolytically the deu- 
terium content of the hydrogen evolved is substantially 
lower than that of the water remaining in the cell, so 
the electrolyte becomes progressively enriched. In the 
later stages the hydrogen becomes richer in deuterium 
than the original water and it can be recombined with 
oxygen into deuterium-rich water and passed back to a 
lower stage as feed. This was the first process used com- 
mercially—in Norway—and up to 1943 the only one. The 
plant is relatively simple, but the process requires enor- 
mous quantities of electricity and some further use for 
the hydrogen. 

Exchange reactors depend on a catalytic exchange 
reaction of the type: 

H,O + HD = HDO ~ H,, 
in which the equilibrium ratio of deuterium to hydrogen 
in one pair of isotopic compounds differs from that in the 
HDO) reacts 
HD) in the presence of a platinum 


other pair. For example, if steam (H,O 
with hydrogen (H, 
amount of 
deuterium transfers from the hydrogen to the steam. 


or nickel-chromium catalyst, a_ small 
Unfortunately, these and other catalysts do not operate 
satisfactorily when wet, so that the whole operation must 
be done with dry steam and gas. Moreover, they are quickly 
poisoned by impurities, so they can be used only with pure 
electrolytic hydrogen. Similar processes using other 
hydrogen compounds such as hydrogen sulphide or 
ammonia have been described, but no proposals for 
industrial production seem to have been made. 

The steam-hydrogen exchange depends on the tem- 
perature and it is possible to arrange for the continuous 
cycling of hydrogen with a net increase of deuterium. 
The basic process consists in first passing the mixture of 
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steam and hydrogen through a cold reactor at 80° C, 
Here deuterium is transferred from the hydrogen to the 
steam which then emerges through a condenser as 
enriched water. The depleted hydrogen is then passed 
through a second reactor at 600 C in company with fresh 
steam. This time the impoverished hydrogen takes up 
deuterium from the steam which is then discharged as 
depleted water. It is this enriched hydrogen which now 
passes back to the cold reactor to recommence the cycle. 
In this way the hydrogen is alternately taking deuterium 
from one stream of feed water and passing it into the 
other. In practice the process would need a large number 
of stages, but in theory it is possible to carry it out with 
a comparatively low heat consumption. Here again, the 
development of a catalyst which would work when wet 
would make this process much more attractive. A similar 
sort of process could be worked out using other hydrogen 
compounds. Hydrogen sulphide, for example, would have 
the advantage that it would not need a catalyst at all, 
but some means would have to be worked out for over- 
coming the severe corrosion problem with this compound. 

These are some of the main processes which are either 
known to be working or to have possible practical applica- 
tion. In practice they may be used in conjunction with 
one another. Thus, for example, the Manhattan District 
plants used water distillation with a final concentration 
by electrolysis, while the Canadian plant at Trail employs 
a combination of electrolysis and steam-hydrogen catalytic 
exchange. 

The best known water-distillation plants were those 
built by the Du Pont Company for the Manhattan District 
during the war. There were three of these, in West 
Virginia, Alabama and Indiana, and they were built with 
little regard for economics, since time was the vital factor. 
Working from feed water containing 0-0143 atom per 
cent deuterium, they were designed to produce 87—91 
atom per cent deuterium with a recovery of 4 per cent D,O 
at a rate of 2-4 tons a month. In fact, the recovery was 
only just under 2 per cent and the production 1-2 tons a 
month. Final concentration to 99-8 per cent D,O was 
effected by electrolysis, and when the plants were shut 
down in October 1945 they had produced a total of 22-8 
tons of heavy water at a running cost of $176 a pound. 
with a capital charge of $504 per lb per year on top. 

Full descriptions of these plants have been given in 
refs. (') and (2), but the distillation sections consisted of 
an eight-stage cascade of towers with associated reboilers, 
condensers and pumps. The plants varied in size but not 
in general design. The first-stage towers were 15 ft diameter 
and 100 ft high, while the final stage was carried out on 
a 10-in. diameter tower. The efficiency also varied: the 
smallest plant, at Morgantown, W.Va., achieving an 
extraction efficiency of 2-8 per cent on an output of 560 Ib 
per month. This required the raising of about 201,000 Ib 
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of steam per lb of heavy water produced. 

Commenting on this plant, Benedict (?) notes two 
radical improvements which would be made on any 
similar future plant: (a) better tower internals—the 
original plates were far below the calculated efficiency; 
(6) better heat utilisation. On (a) he notes that the British 
*‘Spraypak” system (which see) would alone have improved 
the output of the original Manhattan towers by 7-2 times. 
On power utilisation he concludes that pass-out steam 
at 22 psi from a turbine plant would prove the most 
economic method of obtaining large quantities of steam 
at a comparatively low temperature. Such an arrangement 
would mean the generation of about 10,000 kWh of 
electricity for each pound of heavy water. A hypothetical 
combined plant on these lines might have a capital cost of 
$155 per lb per year and produce D,O at a marginal cost 
of about $34 per lb at today’s prices. 


The New Zealand scheme 

In July 1954 it was announced that the New Zealand 
Government and the United Kingdom Atomic Energy 
Authority were to cooperate in the development of the 
geothermal steam which occurs in the Wairakei district of 
North Island. This had recently been investigated by the 
New Zealand Government and it was considered that a 
water-distillation plant might be combined with steam- 
turbine plants for electricity generation. A company, 
Geothermal Development Ltd, was formed with a nominal 
and paid-up capital of £30,000, of which one-third came 
from the Authority and two-thirds from the NZ Govern- 
ment. A sum of £2M was to be provided by the UK for 
the heavy-water plant and £4M by the NZ Government for 
the electrical power equipment. The scheme was under 
the general control of the AERE, Harwell, with Merz 
and McLellan and Head Wrightson Processes Ltd as 
consultants. Some progress was made with the project 
and it was illustrated on the British stand at the Geneva 
exhibition. The system was to have been straightforward 
distillation similar in principle to the Manhattan plants 
but using pass-out steam from the turbines and with tower 
internals formed from “Spraypak”, a new type of packing 
developed by Harwell. “Spraypak” is simply expanded 
metal sheeting—stainless steel in this case—formed into 
an egg-box-like cellular structure. Its main advantage 
over other packings is its very large throughput and its 
high contacting efficiency between vapour and liquid. 

In January 1956 it was announced that revised esti- 
mates of the cost of the project had shown that it would 
have been very much more expensive than had been at 
first thought and that the UKAEA had decided to with- 
draw from their side of the scheme, although the power- 





plant side was to proceed. It would therefore appear that 
even with what would have been extremely cheap steam, 
water-distillation schemes are uneconomic at the pre- 








vailing price levels of heavy water produced by other 
processes. 

From Europe, progress in water distillation is reported 
from Switzerland, where Prof. W. Kuhn of the Institute 
of Physical Chemistry of the University of Basle has 
developed an improved form of rectifying column (*) which 
is claimed to be capable of concentrating pure D,O in a 
continuous operation and on a technical scale. The Kuhn 
column actually consists of a number of narrow packed 
fractionating tubes in parallel inside a common jacket 
filled with steam. Steam is fed to points somewhere along 
the tubes so that they have a rectifying and stripping 
section. Individual reflux is provided to each tube and the 
ratio can be kept constant and equal among the tubes. 
This means that the efficiency of the whole column can 
be estimated from the performance of a single tube and 
the units can be made as large as desired merely by 
increasing their number. The narrowness of the tubes 
means that the efficiency can be very high since chan- 
nelling is avoided. 

A two-stage pilot plant has been in operation at Basle 
under the auspices of the Swiss Atomic Energy Com- 
This 


initially enriched to 1-0 per cent D,O and the final product 


mission for about two years. starts with water 
is 99-8 per cent pure at the rate of about 0-4 kg per day— 
the yield being said to be 90 per cent. 

Kuhn-type plants are also claimed to be suitable for 
the 
that 


siderably larger and would have a lower efficiency since 


operation on water with natural 


deuterium, but it is clear they would be con- 
most of the loss occurs in the initial enrichment. 

The running costs of the Kuhn plant remain high. 
however, if it is necessary to work from low initial concen- 
trations. Figures given in ref. (*) indicate that from initial 
concentration of 0-1 per cent the number of kWh required 
to produce one kilogram of D,O is 14,000 at 112° F 
and 30,000 at 212° F. These figures correspond to £16 and 
£34 a pound respectively and do not of course include the 
initial concentration from 0-0143 to 0-1 per cent. 

These figures are arrived at without steam recom- 
pression, and if this is adopted it is estimated that the cost 
factors could be reduced by a factor between 5 and 10 for 
large-scale plants. Presumably similar economies could 
be effected by using pass-out steam from a dual-purpose 
power heavy-water plant. 

It is understood that an industrial-scale heavy-water 
plant, using a two-stage Kuhn system, is currently 
under construction for a private firm by Sulzer Brothers 
of Winterthur. This is reported to be designed to produce 
about 1-5 tons per year of 99-8 per cent heavy water from 
feed at 1-0 per cent concentration. 


An abandoned project 

Hydrogen distillation was considered by the Manhattan 
Project in 1943 and design studies showed that the cost 
of heavy water produced in this way might well be lower 
than that of any other process. At the time, however. 
speed was vital and it was not known how long it would 
take to solve the many practical problems which would 
arise in handling large volumes of hydrogen at tem- 
100° F. The 


abandoned in favour of the very costly but relatively 


peratures below scheme was therefore 


simple water-distillation process. 
After the war it was discovered that, at about the same 
time, the Germans, Clusius and Starke (see ref. (?)), had 


abundance of 
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been working on the problem and had shown that D,O 
could be produced by hydrogen distillation at a power con- 
sumption of only 4-8 kWh per gram, compared with the 
120 to 150 kWh for electrolysis. Experimental work by the 
Linde Company showed that ordinary hydrogen could be 
separated by fractional distillation at atmospheric pres- 
sure into relatively pure H,, HD and D, without appre- 
ciable conversion of ortho- to para-hydrogen. 

The latter is a different kind of effect altogether: it is 
undesirable in this process because it releases heat, which 
means that even more refrigeration is called for. 

The Clusius process involves fractionating natural 
hydrogen at its dew point (— 420° F) in a primary tower 
to give a top product of substantially HD-free hydrogen 
with a bottoms product enriched to 5 to 10 per cent in 
HD. The secondary tower is divided into an upper and 
lower section. In the top of the column the fractionating 
is completed to give nearly pure HD which is then raised 
to room temperature in a heat exchanger and passed to a 
catalytic reactor in which the reaction 2HD — H, D, 
takes place. The H, + HD 


back through the heat exchanger which drops the tem- 


D, product is then passed 


perature again and the mixture is introduced into the 
HD 


pass up into the top half and the pure D, goes to the 


lower half of the second column in which the H, 


bottom. After a final pass through the heat exchanger to 
bring it to normal temperature, the heavy water is 
removed as the final product. 

The HD-stripped hydrogen from the first stage is 
compressed and used for reboiling the column bottoms 
and, after condensation, for the first-stage reflux. 


Second thoughts 

In 1950-51 the process was reconsidered in America and 
the firm, Hydrocarbon Research Inc., was commissioned 
by the AEC to design a liquid-hydrogen distillation plant. 
Most of the design work for this was actually completed. 
but the project was never carried through since once again 
it was considered that there was insufficient experience 
in handling liquid hydrogen on the required scale. The 
project was based on the theory that it would be un- 
economic to produce hydrogen merely for the purpose of 
extracting the deuterium, and so it was proposed to build 
the plant as a by-product unit at a synthetic-ammonia 
works where, after deuterium extraction, the impoverished 
gas could be returned to the ammonia stream with vir- 
tually no loss. 

The plant chosen for the project was that of the Phillips 
Petroleum Co. at Etter, Texas, where production of 
ammonia was running at about 440 tons a day from 
natural gas costing only 10 cents per 1000 cu ft. The 
product was to be 99-75 atom per cent heavy water and 
the annual output some 34 tons. The planned recovery 
was estimated at 86 per cent of the rather-lower-than- 
standard 0-0136 per cent deuterium originally present. 

The process was to be generally similar to the German 
one, but since the feed was not to be pure hydrogen, a 
considerable amount of preliminary plant would have 
been required for separating impurities such as N,, 
CH,, CO and CO, from the natural gas, since even traces 
would have led to serious difficulties. All the equipment 
operating below normal temperature was to have been 
housed in a cold box lagged with five feet of thermal 
insulation and filled with hydrogen at a slight positive 
pressure. The primary 80-tray bubble cap tower would 
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D,O have been 13 ft diameter and 141 ft high and the portion 
con- projecting through the cold box would have been insulated 
| the with an 18-in. vacuum jacket. An interesting feature of 
y the the plant was to have been the provision of two three- 
d be stage radial reaction turbines in which a refrigerating 
ores- effect would have been obtained by the expansion of 
ypre- hydrogen through them. Anticipated difficulties included 

the plugging of heat exchangers by residual solid nitrogen, 
it is and the design included reversible exchangers so that the 
hich frozen nitrogen could be re-evaporated by outgoing 








stripped hydrogen in an alternating cycle. 



















































































































































































tural The total power required for driving the compressors 
pwer would have been 18,000 kW. corresponding to 1690 kWh 
ogen per lb of product. 
it in If built today it is estimated that this plant would cost 
and about S14M and the marginal cost of heavy water. 
iting assuming an output increased to 40 tons a year, about $16 
uised a pound. 
toa \ suggested modification of this process that would free 
D, it from dependence on an ammonia plant for feed would 
issed consist of an additional exchange reaction with steam. 
tem- Hydrogen which had been stripped of deuterium in the 
» the distillation plant would be mixed with an excess of steam, 
HD heated to a high temperature and passed through a 
the reactor where the exchange equilibrium. 
ar to HDO H, = HD H,0, 
rr is would be established by means of a catalyst. This increases 
~—* A model of the Toulouse plant shows 
iia The Clusius hydrogen distillation the heavily insulated distillation 
process as it is being applied in the columns and the expansion engines 
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the HD content of the hydrogen. The gases are now cooled, 
the steam condensed, the water separated and_ the 
hydrogen, now somewhat enriched in deuterium, is 
recycled through the distillation plant. In this system the 
distillation plant would be larger for a given output than 
when ammonia synthesis gas is used as feed, but it would 
be simpler because there would be no need to separate 
large volumes of nitrogen and other impurities from the 
feed. 

It must be recognised that, as far as is known, no plants 
of this kind have been built in America, but it is well 
known that one is currently under construction in France, 
the project having attracted considerable attention to the 
firm’s stand at the Geneva exhibition. This is situated at 
the synthetic-ammonia plant of L’Office National Indus- 
trial d’Azote in Toulouse and is being built for La Com- 
pagnie Francaise de ’Eau Lourde by Le Société lAir 
Liquide. 


The Toulouse plant 

The system, like the HRI project, is basically the 
Clusius one in which HD is extracted in the first column. 
concentrated in the second, and then exchanged by 
2HD = H, 


to form D,O. The ammonia synthesis gas (N, 


D,, with a final combustion with oxygen 
3H,) in 
the Toulouse process is obtained from coal gas and 
cracked natural gas, so that a major problem is that of 
initial purification of the hydrogen. All the impurities 
become solid before hydrogen so that even traces may be 
troublesome. Nitrogen, for example, even in a concen- 
tration as low as one part in a million will in time lead to 
blockages and so cause outage. 

Numerous laboratory studies were carried out by the 
French company and besides the purification problem. 
electrostatic phenomena, ortho-para conversion and the 
catalysis of HD into H, and D, all proved difficult. The 
planned production at Toulouse is only 2-5 tonnes a year. 
but a projected extension is already being considered. The 
company believe that the process will prove particularly 
attractive if it could be combined with a large-scale 
electrolytic hydrogen plant and that with this pre-enrich- 
ment stage it should be possible to produce heavy water in 
limited quantities at a low cost. 

During the war a heavy-water separation plant was 
built at the Trail, British Columbia, works of the Con- 
solidated Mining and Smelting Company under the aus- 
pices of the Manhattan District. Here was the largest 
synthetic-ammonia plant in North America, producing 
over half a million cubic feet of electrolytic hydrogen per 
hour. The heavy-water plant was designed to strip this 
gas of some of its deuterium and then return it to the 
ammonia plant. The basic design was by the Standard Oil 
Development Company, assisted by several other con- 
tractors, and the first units started up in 1943. Owing to 
the long time required to reach equilibrium in this process 
it was eight months before steady conditions were 
reached, but by 1945 it was producing 99-8 per cent D,O at 
the rate of about half a ton a month. This plant is still in 
operation, although doubtless it has been improved and 
possibly extended since then. 


The Trail system 


The Trail plant uses both electrolysis and steam- 


hydrogen exchange. The two methods are combined in the 


primary plant which produces 2-367 mole per cent 
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REBOILER FROM CELL 


The Trail process uses preliminary electrolysis 
combined with catalytic exchange of hydrogen 
with steam in these special towers. Between the 
plates, heaters remove entrained moisture which 
would poison the catalyst 


At the great Canadian mining centre of Trail, 
British Columbia, is situated one of the best known 


heavy-water plants in the world 
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deuterium, while electrolysis alone raises the final concen- 
tration to 99-8 mole per cent. 

The primary plant uses four stages of decreasing size, 
each stage consisting of electrolytic cells and steam- 
hydrogen exchange towers—two in the first stage and one 
each in the succeeding ones. These towers contain alter- 
nate bubble trays and catalyst beds, the catalysts used 
being platinum and nickel chrome. Slightly enriched 
hydrogen (H, + HD) from the first electrolytic cell is 
mixed with steam and passed to the first tower. In the 
catalyst beds some of the HD is converted to HDO, which 
is then absorbed by the condensed water returning down 
through the trays. This process is repeated at each stage 
with electrolysis between the towers. 

The electrolytic cells in the primary plant are of the 
diaphragm type so that very pure hydrogen is produced, 
but they were part of the original ammonia plant and had 
to be modified considerably. The secondary separation at 
Trail is done batchwise in three stages of 126, 20 and 4 
cells. A weak solution of KOH is used as electrolyte and 
at the end of each batch it is carbonated and the heavy 
water evaporated off. 

The Trail plant is stated by Benedict (*) to have cost 
$3M, including development and start-up, and the present 
operating cost, including overheads and profits, is $60 a 
pound of heavy water. Such a plant could be built only 
where both cheap electricity and an economic use for the 
electrolytic hydrogen are to be found together, but, 
assuming this, making allowances for design improve- 
ments on the original Trail plant, and taking into account 
the value of present-day money, Benedict concludes that 
it would cost today about $3}M. Taking the output at 
20.000 pounds a year, the capital costs would be $178 
per lb per year and the marginal costs $38 per lb. This, 
it will be noted, is at least within sight of the present 
American price of $28. 

Although it is probably the best known—though not 
the largest—heavy-water plant in the world, up-to-date 
information on that of the Norsk Hydro Elektrisk Kvael- 
stofaktieselskab at Rjukan in Norway is still difficult to 
obtain. Up to about 1943 it was the only plant in the 
world producing heavy water, and the latest published 
details of it pertain to that time (*). It was then pro- 
ducing about 1-7 short tons of D,O a year as by-product 
from 600,000 scf/h of electrolytic hydrogen used to make 
ammonia for fertiliser. The average power consumption 

-hydro-electric—was 91,000 kW or 50 kWh per lb-mol 
of hydrogen produced. 

It is highly likely that the output has been substantially 
increased since that date with the aid of detail design 
improvements, but since heavy water is essentially a by- 
product it is improbable that the order of magnitude has 
been changed. What is possible, of course, is that additional 
plants have been built in other places. The original Norsk 
process, and there is no information that it has been 
altered, consisted of two separate electrolytic plants. In 
the primary plant, water was electrolysed in a nine-stage 
cascade of diaphragm cells. The H, and O, were removed 
from each stage but not recombined, and the enriched 
water from the electrolyte was carried forward as vapour 
to the next stage of cells, the final product being 15 per 
cent rich in deuterium. 

The enrichment was completed to almost 100 per cent 
purity in a smaller nine-stage plant in which the by now 
enriched hydrogen from each stage was recombined with 


the oxygen and passed back to the preceding stage as 
feed. It is from Norsk Hydro that most of the heavy water 
for the British programme has been obtained; the current 


price, it is believed, being about £75,000 a ton or prac- 
tically $100 a pound at the current rate of exchange. 

A combined scheme, using electrolysis, hydrogen dis- 
tillation and water distillation, forms the basis of a heavy- 
water separation plant now under construction by the 
two well-known Swiss engineering firms, Oerlikon and 
Sulzer Brothers, at a glucose factory in Switzerland. Plans 
for this were exhibited at the Geneva exhibition. The 
preliminary enrichment of hydrogen to about 0-15 to 0-3 
per cent HD is done from natural water in a three-stage 
cascade of electrolytic cells. The H, — HD mixture is 
then liquefied and passed through a rectifying column in 
which the HD content is very juch increased. The D-rich 
mixture is then burnt with oxygen to HDO + H,O and 
finally rectified in a Kuhn column to produce 99-8 per 
cent D,O. 

A feature of this plant is the use of the Sulzer oil-free 
piston-type compressor. This replaces conventional piston 
rings and glands by labyrinth packings which need no 
lubrication and so a source of contamination is removed. 
The plant under construction at Ems is believed to have 
a capacity of two or three tons of heavy water a year. 

From an economics point of view, heavy-water produc- 
tion processes can be divided into those in which the sub- 
stance is either a by-product or the main product. The 
former are economically attractive, since much of the 
capital cost can be written down against the main plant. 
The output, however, is strictly limited in direct propor- 
tion to the main product and it is considered by Benedict 
(?) that they can do little more than provide enough 
heavy water for an ambitious research programme or a 
minor power development. Of these processes, hydrogen 
distillation, particularly from electrolytic hydrogen, 
appears to be very attractive but is beset with formidable 
engineering difficulties—it would also depend on the 
availability of cheap electricity, probably from a large- 
scale hydro development. The same process from hydrogen- 
rich manufactured or natural gases also has distinct 
possibilities, particularly if means can be found effec- 
tively to remove impurities. 


Need for new catalyst 

The high cost of the Manhattan water-distillation 
process and now the failure of the New Zealand scheme 
would seem to rule this process out, although the Kuhn 
system, using pass-out steam from a large power station, 
might make it worth while in certain circumstances. 
Electrolysis alone needs an enormous amount of elec- 
tricity, but combined with the steam-hydrogen exchange, 
particularly if improved catalysts could be found, might 
revive interest in regions of cheap electricity which also 
needed ammonia fertilisers. The steam-hydrogen or other 
dual-temperature exchange process also depends largely 
on the discovery of new catalysts, but in the event might 
prove a serious challenger. 

All the single-purpose processes—and it would appar- 
ently need one of these to supply a major power devel- 
opment—use natural water as feed, so their output 
is theoretically unlimited. Of these, the distillation of 
hydrogen, in which the stripped gas is re-enriched by 
exchanging with steam at a high temperature, seems on 
the whole to offer the best possibilities at the present time, 
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A plant now under construction in Switzerland 
uses electrolysis, hydrogen distillation and 


final rectification of enriched water 


although a major problem is the prevention of a reverse 
reaction by catalytic reaction in the heat exchanger. Dis- 
tillation of water with vapour recompression, using outside 
power (in place of the use of pass-out steam in the ana- 
logous by-product process), offers only a comparatively 
small yield but poses no real engineering problems. 

Of the dual-temperature processes, the H,S one would 
seem to require the development of corrosion-resistant 
materials while the H, one awaits the development of a 
suitable cheap catalyst. Could this be done, however, it is 
the opinion of Benedict that this would make the best 
dual-purpose process of all. 

On the economics of the subject, nothing has done more 
than Lewis Strauss’ announcement at 


to upset ideas 


Geneva that the United States was prepared to sell heavy 


water to approved customers at the very low price of 


$28 a pound. Admiral Strauss made it clear at the time 


letters to Nuclear Power 


that this is actually the marginal cost of producing it, so 
it may be presumed that the capital charges of the plant 
must have been written down against a defence account. 
The two facts that it is available and at a low price can 
only mean that the United States has developed some 
very successful process to such a state that production is 
surplus to requirements and the fact that the five huge 
Savannah plutonium-producing reactors are heavy-water 
moderated seems to reinforce this view. It is also possible 
that feed the 
hydrogen-bomb project on the assumption that vast 


production facilities were created to 
quantities of deuterium would be needed, whereas the 
invention of the three-decker bomb rendered these un- 


necessary. 
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element symbol atomic atomic density crosssections 
number weight (gm/cm:?) (barns— 0-24 cm?) 
(chemical) Ca Os 
HYDROGEN H | 1-008 0-08988 x 10-3 0-330 38 
HELIUM He 2 4-003 0-17847 = 10-3 0-007¢ 0:8 
LITHIUM Li 3 6-940 0-534 71-0 1-4 
BERYLLIUM Be 4 9-013 1-8 0-010 7 
BORON B 5 10-82 2:35 755 4 
CARBON Cc 6 12-01 1-65 0-0032 4:8 
NITROGEN N 7 14-008 1-25055 x 10-8 1-88 10 
OXYGEN O 8 16-00 1-42904 x 10-% <0-0002 4-2 
FLUORINE F 9 19-00 1-696 x 10-8 <0-010 3-9 
NEON Ne 10 20-183 0:90035 x 10° <28 2-9 
SODIUM Na VI 22-997 0-971 0-505 4:0 
MAGNESIUM Mg 12 24-32 1-74 0-063 3-6 
ALUMINIUM Al 13 26:98 2-699 0-230 1-4 
SILICON Si 14 28-09 2-42 0-13 1-7 
PHOSPHORUS P 15 30-975 2:2 0-19 " 
SULPHUR S 16 32-066 2-0 0-49 1-1 
CHLORINE Cl 17 35-457 3-214 x 10-3 31-6 16 
ARGON A 18 39-944 1-7837 x 10-3 0-62 1-5 
POTASSIUM K 19 39-100 0-87 1-97 1-5 
CALCIUM Ca 20 40-08 1-55 0-43 
SCANDIUM Sc 2I 44-96 3-02 24:0 24 
TITANIUM Ti 22 47:90 4:5 5-6 4 
VANADIUM Vv 23 50-95 5:96 SI 5 
CHROMIUM cr 24 52:01 7:1 2-9 3-0 
MANGANESE Mn 25 54-93 7-2 13-2 23 
IRON Fe 26 55-85 7-87 2:53 iI 
COBALT Co 27 58-94 8-9 37-0 7 
NICKEL Ni 28 58-69 8-9 4-6 17-5 
COPPER Cu 29 63-54 8-94 3-69 7:2 
ZINC Zn 30 65-38 7-14 1-06 3-6 
GALLIUM Ga 31 69:72 5-91 2:77 4 
GERMANIUM Ge 32 72-60 5:36 2-35 3 
ARSENIC As 33 74-9\ 5:73 4:| 6 
SELENIUM Se 34 78-96 48 11-8 VI 
BROMINE Br 35 79-916 3-12 6-6 6 
KRYPTON Kr 36 83-8 3-708 « 10-3 28 7-2 
RUBIDIUM Rb 37 85-48 1-53 0:70 12 
STRONTIUM Sr 38 87-63 2:54 1-16 10 
YTTRIUM " 39 88-92 3-80 1-38 3 
ZIRCONIUM Zr 40 91-22 6-4 0-180 8 
NIOBIUM Nb 4| 92-91 8-4 1-1 ~ 
(COLUMBIUM) (Cb) 
MOLYBDENUM Mo 42 95-95 10-2 2:5 7 
TECHNETIUM Te 43 
RUTHENIUM Ru 44 101-7 12-2 2:46 
RHODIUM Rh 45 102-91 12-5 150 5 
PALLADIUM Pd 46 106-7 12-16 8-0 3-6 
SILVER Ag 47 107-88 10-5 62 6 
CADMIUM Cd 48 112-41 8-65 2550 7 
INDIUM In 49 114-76 7-28 190 2:2 
TIN Sn 50 118-70 7:28 0-60 4 
ANTIMONY Sb 5| 121-76 6-691 5°5 4-3 
TELLURIUM Te 52 127-61 6:24 45 5 
IODINE | 53 126-91 4-93 6:7 3-6 
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element 


XENON 
CAESIUM 
BARIUM 
LANTHANUM 
CERIUM 
PRASEODYMIUM 
NEODYMIUM 
PROMETHIUM 
SAMARIUM 
EUROPIUM 
GADOLINIUM 
TERBIUM 
DYSPROSIUM 
HOLMIUM 
ERBIUM 
THULIUM 
YTTERBIUM 
LUTETIUM 
HAFNIUM 
TANTALUM 
TUNGSTEN 
RHENIUM 
OSMIUM 
IRIDIUM 
PLATINUM 
GOLD 
MERCURY 
THALLIUM 
LEAD 
BISMUTH 
THORIUM 
URANIUM 


Fission data 


element 


URANIUM 


PLUTONIUM 


symbol atomic atomic 
number weight 
(chemical) 
Xe 54 131-3 
Cs 55 132-91 
Ba 56 137-36 
La 57 138-92 
Ce 58 140-13 
Pr 59 140-92 
Nd 60 144-27 
Pm 6| 
Sm 62 150-43 
Eu 63 152-0 
Gd 64 156-9 
Tb 65 159-2 
Dy 66 162-46 
Ho 67 164-94 
Er 68 167-2 
Tm 69 169-4 
Yb 70 173-04 
Lu 7\ 174-99 
Hf 72 178-6 
Ta 73 180-88 
W 74 183-92 
Re 75 186-31 
Os 76 190-2 
Ir 77 193-1 
Pt 78 195.23 
Au 79 197-2 
Hg 80 200-61 
Tl 8! 204-39 
Pb 82 207:21 
Bi 83 209-00 
Th 90 232-12 
U 92 238-07 
isotope Oa 
aa 585 
U255 (0-714)* 687 
U8 (99-3)* 2:75 
Pu*9 1065 
Pus 510 
Pu® 1480 


* percentage in natural uranium 


density 
(gm/cm’) 


5-85 x 10-3 


1-873 
3-5 
6-155 
6-90 
6°5 
6-95 


7:75 


13-3 
16-6 
19-3 
20:53 
22:48 
22-42 
21-37 
19-32 
13-546 
11-85 
11-35 
9-747 
11-3 
18-68 


of 


533 
580 


750 


1100 


cross-sections 
(barns—10- 24 cm?) 
Ca Cs 
35 4:3 
29-0 20 
1-17 8 
8-9 15 
0-70 9 
11-2 
46 
5500 
4600 
46,000 
44 
1100 100 
64 
166 15 
118 
36 12 
108 
105 8 
21-3 > 
19-2 5 
84 14 
14-7 11 
430 
8-1 10 
98-0 9:3 
380 20 
3-3 14 
0-17 I 
0-032 9 
7-0 12:5 
7-67 8-3 
Os v 
(average number 
neutrons per fission 
2:54 
10 2:46 
8-3 
9:6 2:88 


All cross-sections in the above tables have been taken from BNL 325: Neutron Cross Sections by 
D. J. Hughes and J. A. Harvey. 

The absorption and fission cross-sections are for a neutron velocity of 2200 metres per second. 
The scattering cross-sections are average values over a Maxwellian spectrum. 
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0-6025 >» 
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om majority of health physics instru- 
& ments have been designed to measure 
gamma dose-rates in the region of the 
tolerance level,* i.e. 7°55 mR/hr. However. 
where installed instruments are employed 
in connection with nuclear reactors, par- 
ticle-accelerators and high-strength radio- 
active cobalt installations, it is often useful 
to employ a wide-range instrument and use 
it for indicating the proper operation of the 
installation, apart from determining the 
primary health hazard. A good example of 
this is the instrument which has been de- 
the 
large gamma 


signed recently in connection with 
handling and use of very 
sources. If. as was the case for the instru- 
ment to be described. the maximum source 
strength is to be many hundreds of curies. 
then a top range of 10,000 R/hr is necessary. 
The use of this high range allows the opera- 
tion of the source to be checked when irra- 
diations are required, and it also enables 
one to check the number of sources exposed 
when a multi-source irradiation unit is 
employed. 
Measurement of dose-rates around the 
tolerance level (7-5 mR_/hr or less) are also 
required to check that the sources have been 
enclosed in their housings and that it is safe 
for workers to enter the irradiation area, for 
example to remove or set up specimens for 


irradiation. 


Two-part instrument 
The 


signed as a monitor, but it could be adopted 


present instrument has been de- 
for controlling the operation of the irradia- 
tion equipment by the introduction of suit- 
able interlocks. 

It is naturally essential when measuring 
large radiation dose-rates that the indicat- 

* This is 0-3R per week, corresponding to 0-06R per 
8-hour day, or 7-5 mR/hr. 


A simple wide-range 
gamma dose-rate meter 


This dose-rate meter, which covers in a single 10 mR/hr to 10,000 Rihr has been 
designed for Health Physics purposes. The circuit employs an electrometer pentode as the 
logarithmic element in a DC amplifier to measure the current in ani onisation chamber, the 
meter prese ntation be ingona logar ithmic scale 


range 


Ce compteur dosimétrique qui couvre en une seule portée 
concu pour des emplois relevant de la physique sanitaire. Le circuit comporte une pentode 
d’électrométre dans un amplificatrice CD élément logarithmique pour mesurer le 
courant dans une chambre a@ ionisation, la lecture du compteur se faisant sur une échelle 
logarithmique. 


10 mR/hr a 10,000 Rihr a éte 


comme 


Dieser Dosismesser, der in einem einzigen Bereich 10 mR/h bis 10.000 R/h messen kann, 
vurde fiir den den Zweck der Heilphysik konstruiert. In der Schaltung wird in einem 
Gleichstromverstarker Elektrometerpentode als logarithmisches Element zum Messen 
des Stromes in der lonisationskammer verwendet, Ablesung der Messwerte in 
Massstab erfolgt. 


eine 
wobei die 
logarithmi schem 


Este contador de dosificacién, que cubre en un solo recorrido de 10 mRi/hr a 10.000 Rihr, 
ha sido disenado para Fisica Higiénica. Para medir la corriente en una camara de ionozacion, 
el circuito emplea un contador eléctrico pentodo como elemento logaritmico en un amplificador 
DC (Corriente continua), siendo la lectura en el contador en escala logaritmica. 


Jmom usmMepumestonnit npudop, noxpoieawmut odnoepemenno 10 «P @ vac do 10,000 wP 
@ 4¥ac, ckOoNCMpYyUpoEAaH cneyUdlono GAA NHYysCO 2u2ueHUYeCcKOtN Gusuxu. OH nocmpoen no 
npunuuny IeERMpOMEeMpPUYECKO2O NEHMONA, AeMAwMUeZ0CA MOZAPUGPMUYECKUM IAEMEHMOM 
6 YCuUAUMeELE NOCMOAHHOZO MOKA OAR UZMEPEHUA MOKA 6 UVOHUZUPYNWeEL KamMepe NO LO2zapug- 
mMuYeCcKOu UKd.1e. 











Fig. 1. The probe unit, comprising ionisation chamber 


and head amplifier, may be operated up to 
50 feet away from the indicator set 


ing unit should be remote from the detector. Thus the 
instrument is designed in two parts: a probe unit compris- 
ing the ionisation-chamber detector and head amplifier 
which is located in the irradiation area, and an indicating 
unit, which comprises the main amplifier, indicating meter 
and the power supplies. The detector unit is sufficiently 
light to be handled by remote control and may be operated 
at up to 50 ft from the indicating unit (Fig. 1). 

The circuit (Fig. 2) is similar to that used for power-level 
measurements in the control of nuclear reactors. (') Basic- 
ally, in this type of circuit the ionisation chamber is con- 
nected in series with an HT source and a diode with an 
earthed cathode. The diode is working in a retarding-field 
condition and this means that the logarithm of the current 
flowing to the anode is proportional to the change in 
potential across the valve. The logarithmic element is the 
electrometer pentode valve V1. The control grid and 
cathode function as the anode and cathode respectively of 
a diode. The circuit of the valve includes a means for main- 
taining the current through the valve very nearly constant. 
Providing the valve operates with a constant amplification 
factor, then the relationship between screen voltage and 


Fig. 2. The circuit uses an electrometer pentode valve 
V1 to provide the logarithmic element. Application 
of HT to the anode is made through a thermal 
delay in order to prevent excessive initial drift 








Nuclear 


the logarithm of current flowing into the grid is linear over 
a wide range. With the particular valve used (the CV2348 
or VX8117) the range of input current which gives this 
relationship is approximately 10~* amps to 10~-™ amps, 
and the normal grid current of the valve is less than 10°" 
amps. 

The current through the ionisation chamber passes 
through the grid-cathode space of V1. This valve is 
followed by a DC amplifier with its input connected to the 
anode of V1 and part of its output returned to the screen 
grid of V1. Thus the current through V1 is maintained 
constant despite variations in the current passing through 
the grid-cathode space. 

The DC amplifier is formed by valves V2, V3 and V4. 
the voltage developed at the cathode of V4 being used to 
provide the l-mA, full-scale deflection for meter M1. 
Component R3 in series with the meter develops 100 mV 
for driving an external recorder. When the circuit is set up 
correctly and no current is flowing in the ionisation cham- 
ber, then the meter needle rests against its lower stop and 
it is not possible to set “zero” in the true sense. The “zero” 
in this instrument is the 10-mR/hr mark and can be set 
with RV4 when a current equivalent to that produced in 
the chamber by 10 mR/hr is injected into the grid of V1. 
This current, which is approximately 1-5  10-' amps, 
is derived via resistor Rl when switch SW1 is adjusted to 
the “TEST” position and the end of Rl remote from the 
grid is returned to 15 volts. The precise voltage to which 
Rl is returned will be determined by the setting of RV1 
and will depend on the tolerance on the exact value of Rl 
(the value of R1 is 10’ ohms + 20 per cent). 


Obtaining a full-scale reading 

When switch SW1 is adjusted to the “NORMAL” posi- 
tion it will be seen that resistor R1 is returned to the centre 
point of RV2. Adjustment of this control produces a cur- 
rent in Rl which will compensate for excessive grid 
current in V1 and thus maintain linearity of the scale at 
the lower end. However, with the electrometer valves so 
far used, this adjustment has not been found to be neces- 
sary and RV2 is normally set sothat R1 is returned to earth 
potential. 

Full-scale deflection on the meter is set by feeding 
current into the input grid equivalent to that produced by 


the chamber at 10,000 R/hr (i.e. 1-5 « 10°7 amps) and 
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then adjusting the meter series resistor RV3 until this 
reading appears on the meter. 

To minimise variations in filament voltage of V1. the 
filament current is drawn from the stabilised 150-volt line 
via the dropping resistor R2 and to avoid excessive initial 
drifts in this valve, the application of the HT to the anode 
is delayed for about one minute by means of the thermal 
delay RLA. 

The power-unit design is conventional, a metal-bridge 
rectifier supplying the necessary DC voltages for both 
positive and negative lines. Adequate stabilisation is 
effected by means of two 150-volt neon stabilisers. The 
single transformer also provides the 6-3-volt heater 
supplies for the valves of the DC amplifier and thermal 
delay, and 5-volt supply for a mains indicating lamp. 

The ionisation chamber is of a new design that has been 
developed for use with another AERE portable monitoring 
instrument. It has an “air wall” characteristic and a 
volume of approximately 300 cc. The chamber is com- 
pletely sealed and held at a reduced pressure of 0-65 atmo- 
spheres. The applied polarising voltage is 150 volts and 
this voltage in conjunction with the reduced pressure is 
sufficient to maintain an adequate degree of saturation at 
10,000 R/hr. 

The main indicating unit is designed for rack or bench 
mounting and as there are only a relatively small number 
of components, the internal layout is open and accessible. 
The three valves and components of the DC amplifier are 
mounted at one end of the chassis adjacent to the input 
plug, a metal plate ensures screening from the power- 
supply circuit. A 5-in. diameter Crompton Parkinson cir- 
cular-scale meter gives a long-scale reading and a better 
reading accuracy than would be possible with the normal 
3}-in. meter. All the preset controls apart from the “SET 
10 mR/hr” control (RV4) are mounted at the rear of the 
unit. 

The electrometer valve and its associated components 
are mounted on the end of the ionisation chamber. 


Fig. 3. The head amplifier is hermeti- 
cally sealed by means of a cover 
and two rubber rings. The cover 
can be removed without disturbing 
the cable or components 
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sealing ring 


hermetic sealing of this compartment assists in maintain- 
ing an extremely high insulation resistance to the input 
grid. The method of sealing is both novel and effective 
(Fig. 3). The cover over the head amplifier is secured by 
three nuts which pull the cover down on to a rubber “O” 
ring mounted in the top of the ionisation chamber assem- 
bly. The cover is sealed at the other end by means of an 
“O” ring mounted in the head amplifier assembly end 
pressing into a machined surface on the inside of the cover. 
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Fig. 4. The test circuit for simulating ionisation cur- 
rents has a six-position switch, by means of which 
the full range of meter readings can be checked 


The cover can be removed without disturbing the connect- 
ing cable or the internally mounted components and this 
fact is of great assistance when servicing. To help in 
keeping the total weight as low as possible, the cover and 
major part of the mechanical construction is made from 
aluminium, the total weight being approximately 4} lb. 
The components associated with the valve are mounted 
round it in a turret construction. The control grid of the 
valve, the collector of the ionisation chamber and the 
high-value resistor R1] are taken to a point on a P.T.F.E. 
block and connected to a small socket which is used for 
test purposes. 


Centinued on page 28 
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British firm’s radiation research 


Phere is an increasing awareness throughout British 

industry of the importance of fundamental research. 
and one of the foremost firms in this comparatively recent 
dev elopment is the Tube Investment Ltd group Ww ho are at 
present building, at Hinxton Hall, near Saffron Walden in 
Essex. a research centre which will eventually take over 
all the fundamental work for the group of companies. 
Tube Investments have hitherto been associated mostly 
with the metallurgical industries and metal products, but 
through an associated company, TI Plastics Ltd, they have 
recently entered the field of plastics, and an important 
part of the work at Hinxton Hall will be directed towards 
the development of these and other materials by means of 
high-energy radiation. 

As is now well known, chemical changes of many kinds 
can be induced in certain materials by means of radiation 
and it is believed by the firm that the time is now near 
when these techniques may be employed on an industrial 
scale to produce many new and improved materials. 
These may also have important applications in the bio- 
logical sciences where, for instance, radiation may be used 
for bacteriological sterilisation and food preservation. 


Van de Graaff machine 

The first part of the TI research centre to be completed 
is the high-energy radiation laboratory which is under the 
direction of Dr Arthur Charlesby DSc, who until last year 
was head of a department of the Metallurgy Division in the 
AERE, Harwell. 

Experience at Harwell with nuclear reactors and other 
radiation sources led Dr Charlesby to the conclusion 
that the most suitable source for the proposed research 
programme was a van de Graaff generator. This would 
provide completely homogeneous radiation of various 
kinds in easily controlled amounts and it would also be 
controlled in direction, thus simplifying the shielding 
problem. Furthermore, it would be considerably cheaper 
than any other apparatus with comparable performance. 
The machine chosen is a 2-million-volt van de Graaff 
generator manufactured by the High Voltage Corporation 
of Cambridge, Mass. It operates in an atmosphere of CO, 
and N, at 20 atmospheres, producing 2 MeV electrons with 
a normal beam energy of 500 watts. In addition, the 
machine can be adapted to produce other particles: protons 
can be obtained from a hydrogen source and then accele- 
rated; by bombarding a Be or Li target, neutrons may be 
obtained from these protons; and using a suitable target. 
gamma rays can be obtained from the electron beam. 


Tube Investment Group 


Laboratories opened 








From the control panel of the 2-million-volt van 


de Graaff accelerator a clear view of the process is 
obtained through a window in the 3-ft wall of the 
irradiation room. Seen at the window is 

Dr Arthur Charlesby, the research director 


The generator is located in the upper room of a small 
two-storey block, which is flanked on either side by lower 
wings. The beam tube projects vertically downwards into 
the irradiation room and the apparatus is arranged on a 
semi-production basis in that the specimens to be treated 
are passed under the beam on a wire-mesh conveyor belt. 


ro\ 


ar - | 
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When using electrons, the beam tube is divergently 
apered and closed at its lower end by a thin metal foil. 
ihe beam is about 1 em across and can be scanned through 
the area of the tube end by means of an electromagnetic 
scanning unit regulated from the control console. 

The tower containing the high-intensity radiation is 
built in 3-ft thick concrete, and entry to the irradiation 
room is gained through a lead-lined sliding door which is 
fully interlocked with the starting-gear so that it is im- 
possible to start the machine until the door is closed. Gas 
for the generator is contained in cylinders and mixed in the 
correct proportions by a mixing valve. A small water- 
pump supplies cooling for the machine and a complete 
heating and ventilating system is provided. 

Of the two wings on either side of the tower, one is used 
as a chemistry laboratory while the other houses the van 


starts and finishes in this room and it enters the irradia- 
tion room through a tunnel which is constantly monitored 
by counters. The belt is reversible and its speed is fully 
controllable so that the dose of radiation can be accurately 
determined. 


This laboratory also contains other radiation sources 
which are supplementary to the van de Graaff machine. 


These include two x-ray machines—one of 50 kV and the 
other of 250 kV—and a cobalt-60 source for gamma 


radiation of up to 1-3 MeV. This latter source had not yet 
been installed when we visited the centre. The container is 
to be supplied by Nuclear Engineering Ltd (G. A. Harvey, 
Ltd) and the source by Harwell. 

When a chemical change is required in a substance, the 
nuclei are unaffected: it is only the electron arrangements 
that are altered. Having insufficient energy to penetrate 





Forty-one sheets of plate glass, interspersed 


with liquid paraffin to eliminate 
multiple reflections, protect the observers 
from radiation coming from 


the electron beam tube 


de Graaff controls, other radiation sources and a small 
workshop. Irradiations in progress are observed from the 
control console through a window formed from 41 sheets 
of ?-in. plate glass filled between the panes with medicinal 
paraffin (which has the same refractive index as glass) to 
obviate multiple reflections. The belt conveyor system 


Samples to be irradiated are 
carried on a conveyor belt 
below the beam tube. 

A wall of concrete bricks 
provides local shielding 


the nucleus, the 2-MeV electron beam causes no disinte- 
grations and the specimens are quite free from any in- 
duced radioactivity as soon as they emerge on the conveyor 
belt from the irradiation room. 

It has already been demonstrated how materials such as 
polyethylene, nylon and rubbers alter under radiation, 
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DY 
A research worker examines 
some specimens from the pyrex dish 
in which they were irradiated 
Above the irradiation room is situated 
the van de Graaff generator ‘| 
with its associated control gear and ancillaries 
such as the diffusion pump for the beam tube. ph 
The unit on the table behind is a fa 
proton source which can be wa 
fitted inside the generator pressure vessel = 
be 
tel 
be 
be 
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The wire-mesh conveyor system pr 
starts and finishes in the main laboratory pe 
and enters the irradiation room pr 
through a short tunnel which an 
is constantly monitored = 
va 
na 
of 
m 
ot 
and fundamental research is how being done to find the - 
precise causes of these changes. As an example of the sort *) 
of work now being done at Hinxton Hall, we were able to - 
see liquid polyester resin being solidified after only a few i” 
seconds under the electron beam. These samples were Tz 
being cast in the form of tensile-test specimens ready for 
mechanical test. This process is normally done by heat, 
which takes very much longer. Another promising devel- f 
opment is the treatment of elastomers which, after irradia- | 
tion, will exhibit normal mechanical properties at tem- ™ 
peratures up to 230° C. fi 
It is as yet too early to visualise clearly how much and 
how soon such developments might modify the industrial 
scene, but Dr Charlesby points out that once the funda- or 
mental work has been done, high-energy radiation from ar 
reactors or fission products might provide a low-cost er 
method of transforming materials and so provide an eco- fo 
nomically useful by-product from nuclear power stations. (y 
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by L. M. Wyatt 
Head of Metallurgy Section, 
UKAEA Industrial Group HQ Risley 





The production of 


reactor fuel elements — | 


pacer atomic species—two isotopes of 
uranium (U**> and U**) and one of 
plutonium (Pu***)—are, because of their 
favourable nuclear characteristics of for- 





mation and fission by neutron bombard- 
ment, most suited to the production of 
atomic energy in a reactor. 

Fission of one of these atoms produces, 
besides approximately two atoms of in- 
tensely radioactive fission products, and 
between two and three neutrons which can 
be used either to induce another fission or 
to convert between 0-8 and 1:5 atoms of 
fertile or source material (thorium or U***) 
into a further fissionable atom, approxi- 
mately one megawatt-day of heat per 
gram of material fissioned. 

The basis of any nuclear energy develop- 
ment programme is natural uranium. The 
proportions of U2 and U** (0-7 and 99-3 
per cent respectively) in natural uranium 
produce a useful balance between fission 
and conversion by thermal neutrons, which 
make this material a convenient and 
valuable fuel. Enrichment provides alter- 
native possibilities, and by careful choice 
of proportions and species of fissionable 
material and types of reactor, one or 
other of the sequences, or “fuel cycles” 
shown in Table I may be induced. In these 
cycles the total amount of fissionable 
material may be held constant, or even 
increased. 


Table | 
process material (1) | material (2) 
fission U3 U2 or Pu*® 


l 238 to Pu239 Th232 to U233 


Pu29 l 233 


conversion 


fission 


For every gram of U** or Th*? burnt, 
one megawatt-day of heat may be produced 
and if this can be converted into electrical 
energy at 30 per cent efficiency, an annual 
fuel consumption of 10 tons of thorium 
(value as thorium oxide, roughly £60,000) 


From ore to uranium metal 


1 series of two articles dealing with the production of fuel elements from ore to insertion in 
the reactor. 

The first article deals with the basic design requirements for fuel elements and discusses 
briefly the principles underlying the choice of materials and the effects on them of reactor 
operating conditions, and describes the Springfields process for the production of uranium 
metal from the ore. 

The second article will commence by describing typical fabrication processes which have 
been used for fuel-element manufacture and will then illustrate the general principles already 
discussed by describing their application to specific fuel elements which have been used in 
reactors. 


Une série de deux articles sur la production de combustibles depuis le minerai jusqu’a leur 
insertion dans le réacteur. 

Le premier article traite des types de production nécessaires des combustibles et expose 
briévement les principes qui gouvernent le choix des matiéres, ainsi que les effets que les condi- 
tions de fonctionnement des réacteurs exercent sur ces matiéres. Il décrit ensuite le procédé 
Springfields pour produire l’uranium @ partir du minerai. 

Le deuxiéme article commencera par décrire les procédés typiques de fabrication qui ont été 
employés pour la production de combustibles. Il exposera ensuite les principes généraux déja 
exposés en décrivant leur application aux combustibles spécifiques qui ont été employés dans 
les réacteurs. 


Eine aus zwei Abhandlungen bestehende Artikelserie behandelt die Erzeugung von Brenn- 
stoffelementen vom Erz bis zum Einsatz im Reaktor. Im ersten Artikel werden die grundsdtz- 
lichen Konstruktionsmerkmale fiir solche Brennstoffelemente besprochen und die fiir die 
Materialwahl massgebenden Geichtspunkte und deren Einflulss auf den Reaktorbetrieb kurz 
gestreift. Weiter beschreibt der Artikel das Springfieldverfahren fiir dieUranmetallgewinnung 
aus dem Erz. 

Der zweite Artikel wird einleitend eine Beschreibung typischer Fabrikationsverfahren 
bringen, die fiir Herstellung von Brennstoffelementen zur Anwendung gekommen sind. 
Anschliessend behandelt der Artikel die bereits besprochenen allgemeinen Grundlagen durch 
Beschreibung ihrer Anwendung auf spezielle Brennstoffelemente, die bereits in Reaktoren 
gebraucht worden sind. 


Una serie de dos articulos referentes a la produccién de elementos combustibles a partir de 
la ganga, hasta su insercion en el reactor. 

El primer articulo trata de los requisitos basicos del proyecto para elementos combustibles y 
discute brevemente los principios fundamentales de la eleccién de materiales y los efectos sobre 
ellos, de las condiciones de trabajo del reactor, y describe los procesos Springfields para la 
produccion del metal uranio a partir del mineral. 

El segundo articulo empezara describiendo los procesos tipicos de fabricacion que han sido 
usados para la manufactura de elementos combustibles y luego ilustrard los principios 
generales ya discutidos, describiendo su aplicacién a elementos combustibles especificos que 
han sido usados en reactores. 


JIee cmamou, nocenwennoie npoussodcméey alemMeHmoése 20pmNe2z0 UZ PYydd enstom JO 
nNOMeUJEHUA UX 6 pearnmop. 

llepeaa CMAMbA NOCBAWEHA OCHOBHELM HEOOXOIUMbBLM GAHHOELM OAM UCNO.ALZ06AHUA BEMEHMOE 
2opwyezo u expamue OG6cyxcOaemM NpUHYUNKI, OM KoMOopdbix saeucum evidop Mamepua.roe 
u mo é6luUaHUe, KOMOPOMY OHU NOdEep2arwomMcsA 6 padouwx YcCA~OsBUnxX Peanmopa, a MaKoirce 
daem o6’acHenue npouecca Cnpunegutedc no npouseodcemey ypanoso20 MemaAsa U3 pyddi. 
Bmopaa cmamba HawUuHaemca onucanuemM MUNUYHDIX NpoYyeccoe npouseodcméea, NpuMmMe- 
HABULUXCA GOAN UZZOMOBAEHUA IMEMEHMOE 20p10Ne20, A 2aMeM NepexodUM K U.L.Llocmpuposanurnw 
panee o6cyscOaswuxca o6wux npunuunos, 06’ACHAA KaAKOE OMHOWeHUE OHU UMEWM *K 
cneyugureckum BUdaM a1eMeHMOE 20pw1e20, NPUMEeHAeMO2O 6 PpeaRMmopax. 
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or uranium (value as metal, roughly £100,000) would 
provide 10,000 megawatts of electrical power, which is 
enough for a fair-sized country. 

This can be achieved only by fulfilling complex nuclear 
and heat-transfer design conditions which are reflected in 
stringent requirements in fuel-element design and manu- 
facture. 

The fuel element is the reactor component in which 
fission and conversion take place and in which heat is 
generated and transferred to the coolant. Reactors have 
been projected and built in which the fuel is mixed with or 
dissolved in coolant or moderator, but these will be dealt 
with in a later series of articles. 

The fuel element must: 

Contain the correct proportion of fissionable and 
source materials in a sufficiently concentrated form to 
meet nuclear requirements. 

Provide sufficient coolant surface, either primary by 
the use of thin sections or secondary by means of fins, 
to permit removal of heat by the coolant without 
excessive temperature difference. 

Contain a minimum amount of materials which cap- 
ture neutrons and therefore reduce the number available 
for fission and conversion. 

Maintain its dimensions and integrity against stresses 
arising from its own weight, external loads, coolant 
pressure and thermal gradients. 

Keep to a minimum the effects of irradiation which 
can lead to considerable changes in shape at low tem- 
peratures and in volume at high temperatures and 
thermal cycling which can cause considerable dimen- 
sional change. 
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Resist corrosive action by the coolant, which may be ‘od 
a gas such as hydrogen, helium or COQ,, a non-metallic 
liquid such as water or terphenyl. or a metallic liquid T: 
such as sodium or bismuth, over the whole range of 
operating temperature. | 
Retain fission products so as to prevent contamination 
of coolant and coolant ducts, heat exchangers and other \¢ 
components. This requirement may be modified in 
certain cases, for example with sodium or bismuth as 
coolant. The induced activity may be such as to render 
slight contamination by fission products unimportant. T 
A typical aluminium canned-fuel element for a gas- 
cooled research reactor (BEPO) is shown in Fig. 1. 
The conditions of service of fuel elements vary with the 
type and purpose of the reactor. For research, plutonium te 
and isotope-producing reactors the fuel elements are 
maintained at the lowest temperature consistent with the 
economical removal of heat by the coolant. With water- te 
cooling the can temperature may be in the region of 
50-80° C and with air it may reach 200-300" C. 
For a reactor designed to produce useful power the ideal 
operating temperature is governed by the method of 
power generation. If steam generation is employed, it t 


would be preferable to operate so that an upper steam- 

cycle temperature of between 550°C and 600°C is 

obtained which would lead to a coolant outlet temperature 

of about 650° C, and fuel-element surface temperatures of 

about 700° C. u 
Gas turbines, however. require temperatures in the 

region of 800—1000° C, and if a reactor were ever used for t 

aircraft propulsion, working temperatures of 1100—1200° C z 

would be required for the heat-exchanger in the jet engines. 
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For the reactors so far built or projected, however, 
other considerations have limited the operating tempera- 


ture. The high vapour pressure of water sets a ceiling of 
approximately 320° C above which a pressure vessel of the 
required size becomes impracticable. Similar considera- 
tions limit the outlet temperature of a gas-cooled reactor 
toa somewhat higher figure, but liquid-metal coolants may 
be used at temperatures more suitable for efficient steam 
generation. It is not, however, sufficient to design a fuel 
element to operate at one temperature only; for a coolant 
to operate effectively without prohibitively high mass 
flow and pressure drop its operating temperature range 





must be considerable—perhaps up to 300° C—and fuel 
elements must be designed to operate efficiently over the 


whole range. 


In considering fuel ratings it is important to specify 
whether heat output per unit of fissionable material only or 
whether heat output per unit of fissionable plus source 
material is specified. The physicist or reactor economist is 
more concerned with the former, but to the heat-transfer 
engineer or the fuel-element metallurgist the latter is the 
important parameter, and we shall use it henceforth. 

Reactor rating can vary from a few kW per tonne for 
natural uranium research reactors, one or two MW per 
tonne for gas-cooled reactors, 5-20 MW per tonne for 
liquid-cooled, low-enrichment reactors, to 400 MW per 
tonne or more for highly enriched, liquid-cooled reactors, 
and there may be considerable variations between fuel 
elements at the centre and at the outside. 

For natural uranium reactors in general, and for all 
reactors designed to produce economic power where the 
ratio of fertile to fissionable material is large, nuclear 
requirements necessitate the use of a material with as high 
a content of uranium (or thorium) per unit volume as 
possible. Table II shows how this may vary according to 
the compound of uranium chosen. As enrichment increases 
it may be found necessary to alloy the uranium in order 
to promote resistance to irradiation over a considerable 
range of operating temperature. The alloying elements 
may comprise small quantities of metals soluble in f- 
uranium, such as chromium, zirconium, iron, aluminium, 
manganese or molybdenum added for purposes of grain 
refinement by heat treatment, while the addition of 
larger quantities of metals soluble in y-uranium. such as 
molybdenum or niobium, may effect radical structural 
changes which prevent distortion due to anisotropy or 
phase-changes on thermal cycling or irradiation. In 
addition, alloying may increase the mechanical strength 
of the core materials since pure uranium is not suitable for 
applied stresses at temperatures over 400° C. 


























id Table I! Weight of uranium per unit volume Table III gives an idea of the extent by which extra 
of —— support may be provided by the can. Whether or not it is 

metal U,Fe | UC UO, | U,0, U,Bi, | UPb, of assistance in providing support for the fuel element, 
n aan ae: 7 __ the can is certainly required to protect it from attack by 
r 19 16-9 13 10-1 16 5-] 3. most coolants used for uranium and thorium metal fuel 
in : elements (Table IV). 
is 
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t. Table 111 Mechanical properties of canning materials 
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aluminium | magnesium | beryllium ae zirconium | tantalum | molybdenum| tungsten 
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snsile stre s ‘ 
" tensile : tre ngth ton: 4 4 30 | 40 20 60 80 brittle 
© per sq in. | 
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r= temperature above } 
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important “C factor | 
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- Table 1V_ Onset of reaction between coolant and metal 
i- 
im air water co, hydrogen | helium sodium | bismuth | mercury | lead 
re | . : | 
of ; : ‘iia iH | fa re 

uranium 50 » 50 Cc * 175 .; 100° & | no action 900 ¥ MP 100° C MP 
; | wermpag were a ae ce F 
or thorium | 50° ¢ | 100°C no action 800° C | MP 
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Table V Onset of reaction between coolant and can 


air . 


water 


co, 


hydrogen 


helium 


sodium 


bismuth . 


mercury 


Table VI 


aluminium 


magnesium 


beryllium 


steel 
zirconium 


tantalum 


tungsten 


aluminium. magnesium, steel 
safe to melting 300° C 500° C 
point (640°C) (with Be -+ Ca (stainless) 
to MP) 
pure, 150° C 70°C 500° C 
alloy with (Fe 
Ni) 300° ¢ 
melting point 550° ( 500° C 
safe to melting 150° C may embrittle 


point, per- 
meable at high 


temp. 


(evaporates) per- 
meable at high 
temp. 


under irradia- 


tion 


Nuclear 








zirconium beryllium tantalum 
300° C 800° C 300° C 
320° C unsuitable 300° C 
(alloy with 
Sn Ni) 
450° C 550° C 


(higher if dry) | (higher if dry) 





150° C 600° C 


no action no action 





no action no action no action 


attacks attacks oxide free oxide free 
no action no action 
oxide present oxide present 
250° C 250° C 
attacks attacks 400° C attacks attacks 600° C 
550° C with Zr 600° C 
attacks attacks 400° C attacks attacks 500° C 


Starting temperature of metal can reaction 


uranium thorium 


diffuses at 
150° C 


forms compound at 175° C 
melts at 638° C 


no reaction unknown 


circa 600° ¢ 


728° C 
es melts at 860° C 
alloys above 550° C 


melts at 
slow action at 800° C 
rapid above melting point 


attacks at melting point 
rapid above 1300° C 


rapid above 1400° ¢ 


Resistance to coolant attack on the canning material 
itself must also be considered. Here, fortunately, metals 
are available which offer satisfactory resistance over a 
range of temperature (Table V). Where the resistance of 
the pure metal is not satisfactory it may often be sig- 
nificantly increased by lightly alloying, or suitably 
treating the coolant. For instance, very pure aluminium 
is attacked by water at temperatures of 150° C and over, 
but the addition of between 0-3 and 1 per cent iron and 
between 0-5 and 2-5 per cent nickel, accompanied by small 
additions of other metals to improve the film as in the 
Huddle at 


AERE and by Diraley at the Argonne, enables the working 
temperature to be raised above 300° C. 


Aerial alloys developed independently by 


The addition of tin, iron and nickel to zirconium renders 
it resistant to water at temperatures of 300° C and over, 
and neutralises the deleterious effect of nitrogen which 
occurs as an impurity in zirconium produced by the Knoll 
method. Sodium containing 20 ppm oxide attacks and 
embrittles the refractory metals such as zirconium, tan- 
talum and niobium, at temperatures above 500° C, but 
this effect is stopped by reducing the sodium content to 


below 2 ppm. 


Table Vil Thermal expansions of fuel-element materials in inches per deg. C x 10° 
steel 
uranium thorium UO, aluminium magnesium zirconium 
ferritic austenitic 
16-18 12 10 25 26 6 10 16 
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Further restrictions are imposed by the need to prevent 
interaction between core and can. Solid-phase reactions 
between pairs of metals occur to a significant extent at 
reactor temperatures (Table VI) and if it is essential (as 
it is in BEPO and in the Brookhaven reactors) to use non- 
compatible metals, some means must be found to separate 
them without impairing heat transfer. 

An account of the factors influencing choice of fuel- 
element materials would not be complete unless physical 
properties such as thermal conductivity, which controls 
ihe maximum temperature reached by the fuel element, 
and thermal expansion (see Table VIL) upon which depend 
the stresses and strains, both in the core because of 
temperature gradient. and between core and can because of 
variations in thermal conductivity. Where very high 
ratings are required, the difficulty of providing thin 
enough sections, the need to provide large cooling sur- 
faces. and the requirement to “dilute” irradiation effects 
may necessitate dilution of the core material with a 
material of low neutron absorption such as aluminium or 
zirconium. Fuller consideration of these points will, how- 
ever, be deferred until later, when they will be considered 
in connection with the design and manufacture of specific 
fuel elements. 

Although some of the substances used in the construc- 
tion of fuel elements are well-known engineering materials 
which at most need only minor alteration in composition 
or method of fabrication, others are metals which, if they 
existed at all in the universe in other than atomic dis- 
persion, were known only as metallurgical curiosities or 
were used only as compounds. Typical of these is uranium 
which, contrary to popular belief, is not one of the rarest 
metals. The earth’s crust in fact contains 0-0003 per cent 
uranium, and thorium, which occurs to the extent of 
‘OL per cent is more abundant still. Important high- 
grade deposits are. however, scarce, but fortunately 
uranium frequently occurs in association with other com- 
mercially valuable ores. 

The preparation of uranium from virgin ore or concen- 
trate has been the object of much study in recent years and 
production processes have had to be developed in a very 
short time. The high purity required in the final product 
and the possible health hazards due to radioactivity have 
been complicating factors in the choice of production 
methods. 


Crushing and sampling 


\lmost all the uranium refined in this country has been 
produced at the Springfields factory of the UKAEA from 
virgin ore by the process which is described and shown 
diagrammatically in Fig. 2. 

The first stage of the process is an ore-crushing and 
sampling operation in which the ore is reduced in a jaw 
crusher, screened and recycled until it passes }-in. mesh. 
lt is sampled continuously, the sample being pulverised 
in a dise grinder to British Standard 80 mesh, then coned 
and quartered. 

Because of the high atmospheric concentration of dust 
and radon inherent in a dry process of this nature, the 
crushing and sampling process is carried out by remote 
operation and powerful air extraction is provided, dust 
being removed by means of cyclone separators and cir- 
culating water scrubbers. The radon escapes through a 
high stack; the dust is recovered. 


Fig. 3. Radium and other precious metals 
from the first stage of extraction are 
removed in these filter presses 


Fig. 4. In preparation for final treatment in the 
“Dryway” plant, ammonium diuranate 


paste is loaded into trays 


Fig. 5. The final reduction of the diuranate to metal 
is effected in a battery of electric furnaces, the 
process being performed in three stages 











In the extraction stage, the crushed ore is slurried with 
water, reduced to about 30 mesh in a ball mill and dis- 
charged into a stirred stock tank. The slurry is then fed 
at a controlled rate to the first of three cascade dissolvers 
—stainless-steel tanks fitted with stirrers—to which 
nitric and sulphuric acids are added continuously accord- 
ing to the uranium content of the slurry. Heating is by live 
steam, and radon and acid fumes are efficiently extracted. 
The slurry overflows from the first to the second dissolver, 
which is also heated, and barium nitrate solution is then 
added to form insoluble barium sulphate and co-precipitate 
the radium present as sulphate. The mixture then over- 
flows to the third dissolver where it is cooled by a cold- 
water coil, causing further separation of insoluble sul- 
phates. It is then pumped to filter presses (Fig. 3) which 
retain all insoluble materials, including the radium and 
precious metals. 

The uranium in solution is purified by precipitation as 
uranium peroxide by the addition of hydrogen peroxide 
under carefully controlled conditions of acidity and tem- 
perature and is removed from the solution by filter 
pressing. The peroxide is redissolved in warm nitric acid 
to form uranyl nitrate solution, which is adjusted for 
acidity and specific gravity and evaporated under reduced 
pressure to form uranyl nitrate hexahydrate. 

After filtration through fine gauze, the uranyl nitrate 
is purified by ether extraction. Careful operation is essen- 
tial at this point to prevent evaporation of the ether or 
crystallisation of uranyl nitrate. Stringent precautions are 
also necessary to reduce the risk of fire or anaesthesia, and 
this is achieved by keeping the ether line outside the 
building which houses the personnel and uranium solu- 
tions. Contact between the two is made at the outside 
wall. 

The impurities remain in aqueous solution while the 
uranium remains in the ether. After the ether layer has 
been washed with warm demineralised water, the uranium 
is extracted from it by a large volume of cold demineralised 
water. The resulting uranyl nitrate solution is treated 
with ammonia to precipitate ammonium diuranate. The 
yellow precipitate is then washed with water and filtered 
under vacuum in a Nutsch filter and the semi-dried cake 
converted to uranium tetrafluoride in the “Dryway” 
plant. 


Final reduction 


The ammonium diuranate paste is loaded into trays 
(Fig. 4) which are stacked in a cylindrical reactor so that 


dose-rate meter (conc!uded) 


At the lower end of the scale, from 10 mR/hr to, say, 
1 R/hr, it is possible to check the calibration with a rela- 
tively small radioactive gamma source (about 5 mC of 
cobalt 60 will suffice). However, above 1 R/hr routine 
calibration in this manner becomes difficult and hazardous 
due to the strength of source required. To check that at 
least the circuit is operating satisfactorily over the full 
range of meter reading a test unit is available by which 
current can be fed into the input grid to simulate ionisation 
current at various radiation intensities. A circuit of this 
unit is shown in Fig. 4. By adjusting the switch to each of 
its six positions, the full range of meter reading can be 
checked. The method of connection to the input grid is by 
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reactant gases which are introduced can pass from tray 
to tray across the surface of the contained solid. The 
reactor is lowered into an electric furnace (Fig. 5), and the 
conversion proceeds in three stages. The diuranate is first 
heated to decompose it to uranium trioxide; during this 
calcination, ammonia and steam are driven off. The 
trioxide is then reduced to dioxide by hydrogen, and 
finally the dioxide is treated with anhydrous hydro- 
fluoric acid gas to convert it to uranium tetrafluoride. All 
these reactions are carried out in the same reactor, which 
has a series of connections to the hydrogen and hydro- 
fluoric acid supplies and to a caustic scrubber where 
effluent gases are either absorbed or discharged to atmo- 
sphere if harmless. 

The final step is the reduction of the tetrafluoride with 
metallic calcium. The uranium tetrafluoride is transported 
in drums to the reduction plant and calcium chips are 
added, the operations being carried out in an enclosed 
cabinet. The contents are mixed under an argon blanket 
by rumbling the drum and finally charged into the 
reduction mould. This consists of a mild-steel casing, 
resembling an inverted, truncated cone, and lined with 
calcium fluoride which has been rammed round a wooden 
former and carefully dried. The mould is mounted on a 
bogey running on a light rail track which passes through 
a long drying oven, through a charging cubicle, into a firing 
chamber, and out again into a cooling bay. 

The charged mould is moved forward into the firing 
chamber, and vertical electrically operated doors lowered 
into position. The charge is fired by dropping into it an 
ignited pellet of potassium nitrate and lactose mixture. 
An elaborate system of interlocking controls ensures that 
the charge is fired only when full safety precautions have 
been observed. The reaction in the mould is rapid and 
exothermic. The heat generated melts the uranium formed 
so that the metal runs down to the bottom of the mould 
where it forms a solid billet, while the calcium fluoride, 
which is the other product of the reaction, floats on top as 
a slag. 

When the reaction is complete, the mould is moved 
forward by remote control into the cooling bay. After 
cooling, the mould is hoisted into a breakdown cubicle 
where it is inverted over a grid so that both the uranium 
billet and the calcium fluoride slag and mould lining fall 
out of the mould. The billet is finally cleaned and washed. 

[The account of Uranium Production is based on Geneva Paper 407 
by L. Grainger, to whom I wish to record my thanks for his permission 


to use it. The photographs are by Dr H. Rogan and Mr J. White. 
L.M. W.] 


means of a special P.T.F.E. insulated rod which is inserted 
through a hole under the nameplate of the head amplifier. 
Thus the circuit can be checked without removing the 
cover and without disturbing the screening around the 
electrometer valve. 

An added point of interest on this instrument is that the 
sensitivity can be increased by a factor of 10 by substitut- 
ing a similar standard ionisation chamber at an increased 
pressure of 6°5 atmospheres. The range then becomes 
1 mR/hr to 1000 R/hr. 


References 


(1) R. J. Cox and J. Walker: “‘The Control of Nuclear Reactors,” paper 
communicated to the Institution of Electrical Engineers and read at the 
meeting on 5th April, 1956. 
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Nuclear research at Battelle 


\ power reactor development laboratory has recently 


Ohio. This is Battelle’s second major nuclear research 


been completed at the Battelle Institute in Columbus, 


facility to come into operation at their new Atomic 
Energy Centre and it is said to be the first private 
installation of its kind available for direct research on 
power reactors. The Battelle Institute is a private, non- 
profit-making research organisation which was founded in 
1929 Battelle, 


industrialist, to provide independent research facilities for 


under the will of Gordon an American 
industry. From small beginnings with a staff of 20, the 
Battelle Institute now employs about 2500 scientists dis- 
tributed through its research centres in the United States 
its two Geneva and 
Frankfurt. Technical 
London, Paris, Madrid and Milan. 


The Institute has been active in the field of nuclear re- 


and European laboratories in 


offices are also maintained in 


search since 1941 when it started to use cyclotron-pro- 
duced isotopes for the study of piston-ring wear. Later it 
contributed to the Manhattan Project and since then has 
carried out work sponsored by the Atomic Energy Com- 
mission, the Air Force and the Navy Bureau of Ships, in 
to 
General Electric, Du Pont, Carbide and Carbon Chemicals 
and Pratt and Whitney Aircraft. Much of this work was in 
connection with reactor materials and included procedures 


addition work for several American firms such as 


for melting, fabricating, joining and machining uranium. 
thorium, beryllium, molybdenum and zirconium. 

In October 1954, Clyde Williams, president and director 
of Battelle, announced that in view of a recent act of 
Congress, it had become possible greatly to expand their 
gave details of a $1-5M 
plan for new laboratories and equipment. This plan in- 


nuclear research facilities and he 


volved the construction of three new buildings on a 400- 
acre site near Columbus and an expansion of the original 
premises in the city. The three new buildings were to 
include : 


(1) A nuclear reactor and associated laboratory designed 
for a wide variety of research studies. 


(2) A laboratory for development work on nuclear 


power plants. 
(3) A laboratory for research on nuclear fuels. 


The first of these to be completed was a hot-cell labora- 


A private atomic energy centre 





. 
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G. D. Calkins, Battelle isotope and radiation chief, 
operates one of the hot-cell doors. Multi-layer glass 
windows provide inspection of the operations: many 
holes in the walls supply instrumentation facilities 
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tory which came into use in September last year. There 
are two of these cells, both equipped with mechanical 
manipulators. One of them is designed for 10,000,000 
curies and the other for the 10,000 curies of a 1-MeV gamma 
source. Below these cells are a pair of subterranean ones 
which are used for storage or for experiments in which 
direct viewing is not necessary. Both the upper cells have 
12-ft head room and longer chemical columns can extend 
through holes in the floor into the lower cells. The doors 
are of 18-in. steel and are raised and lowered hydraulically. 
A complete air-treatment system is installed. The primary 
function of this facility is the evaluation of radiation 
damage to reactor-fuel elements, but it will also be used 
for work on fuel processing, radioactive-waste disposal 
and processing of isotopes. The cost of the building and 
equipment, including the design, is said to have been about 
$600,000. 





The 10,000-curie cobalt-60 source is kept 
below 14 ft of water. It is contained in 
stainless steel tubes which surround the 
container holding the sample 

to be irradiated 


Associated with the hot-cell laboratory, but situated at 
the main laboratories in Columbus, is a cobalt-60 souree 
with a planned capacity of 10,000 curies. This source is 
contained in a number of stainless-steel tubes mounted in 
a ring and situated below 14 ft of water in an underground 
concrete-lined tank. The initial charge was 2000 curies 
since stepped up to 4000 and shortly to be raised to 
10,000—and the material to be irradiated is placed in 





containers which are located inside the ring of tubes. When 
it is necessary to enter the tank for cleaning or repairs, 
the source can be manipulated into a recess in the floor of 
the tank and then covered with an 800-lb lead plug. The 
purpose of this source is primarily to investigate the acti- 
vation of chemical reactions, the alteration of the pro- 
perties of organic materials such as rubber and plastics, 
the sterilisation of foods and medical supplies, and the 
effects of radiation on such things as electronic compo- 
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nents, ceramics and lubricants. This apparatus has now 
been in use for about a year. 

The new reactor development laboratory which has just 
been completed, like the hot-cell facility, is in a separate 
building at the new centre. It is designed for the testing of 
critical assemblies of power reactor cores and is expected 
to play a large part in the development of nuclear power 
for electricity generation, and for transport applications 
by land, sea and air. According to Dr H. R. Nelson, in 
charge of the Battelle Atomic Research Centre, although 
reactors may be designed on paper, it is necessary to check 
certain factors by full-scale test before the actual design 
may be safely finalised. This facility will enable private 
firms to have tested under actual working conditions trial 
assemblies of various designs of fuel lattices, and also to 
evolve practical start-up schedules. In the case of an 
already-operating reactor it will also enable modifications 





The television screen is an important part of the 


control panel which, in addition to purely 
experimental instruments, carries all those likely 


to be used ina power reactor 


to be studied without interruption of the plant. 

The laboratory building contains about 10,000 sq ft of 
floor space and a hall 40 ft square by 50 ft high will house 
the actual cores under test. Adjacent to the reactor hall is 
a vault for storing fissionable materials and, shielded from 
this area, there are a control room, instrument and repair 
shops, a radiation-counting room and offices. 

The control equipment for the critical assemblies was 
designed and built by the Institute’s own staff. The panel 
provides all the controls that would be found in a power 
reactor station, in addition to a number of purely research 
circuits. Among these is closed-circuit television which 
enables close viewing of the assemblies while they are 
active. 

Both homogeneous and heterogeneous cores may be put 
on test in the reactor room and ample clearance has been 
provided so that heterogeneous cores may be assembled 
with either vertical or horizontal control rods. 

These experiments will be essentially zero power ones, 
the heat outputs being limited to 1 or 2 watts, but it is 
expected that this will provide adequate data on fuel 
requirements, neutron flux, power distribution and control 
systems. At this power, neither shielding nor cooling 
will be required, so that various arrangements of fuel 
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Two hot cells are provided above ground, fully 
equipped with remote-control manipulators. 
Below, are two further cells used for storage and 
experiments which do not need a direct view. From 
the basement level hydraulic rams actuate the 
18-in. solid steel sliding doors. 
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elements, moderators, control rods and other variables can 
be investigated rapidly with the maximum degree of 
flexibility. 

The third major piece of nuclear research apparatus at 
the Battelle Institute is a swimming-pool reactor which is 
scheduled to become critical later this year. This reactor is 
being built by The American Machine and Foundry Com- 
pany of New York and is designed to have an output of 
1000 watts of heat on enriched U?**. According to Dr 
Nelson, the core will be similar to the Materials Shielding 
Reactor at the National Reactor Testing Station in Idaho. 
One of its main functions will be to provide a high neutron 
flux for research in the chemical, petroleum, metals, 
ceramics, food, textile and pharmaceutical industries. The 
pool will be above ground-level and will measure 20 ft by 
48 ft with a depth of 28 ft. 

In charge of all Battelle’s nuclear research is Dr H. W. 
Russell, the technical director and senior physicist, and 
Dr Nelson, who is manager of the department of physics, 
is the head of the new research centre. The hot-cell facility 
is under the control of G. D. Calkins, and Dr Sherwood L. 
Faweett, chief of engineering mechanics division, with his 
assistant, Joel W. Chastain, are in charge of the research 
reactor and power reactor laboratories. 


USE OF BEAM TUBES AND THERMAL The swimming-pool 
reactor core is ona 
oe travelling gantry to 

i? k facilitate experimental 
work, Six beam tubes are 





= provided for the 
a introduction of material 
an , to be irradiated 
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Nuclear Bijea: 
a Nuclear Power basie¢ 


by James F. Hill 


Senior lecturer, Reactor School, Harwell 


— Reactor physics — | 


In this series of articles the author presents the elements of nuclear reactor theory from the 
point of view of the physics of the problem. The main purpose is to enable those engineers who 
have had no special training in reactor physics to acquire the fundamental knowledge necessary 
to understand reactor calculations, At the present time, such calculations are largely the 
province of the physicist, but ultimately they will have to be done by the engineer who is 
designing the reactor in much the same way as he performs other engineering design work 
Thus it is necessary for the future reactor engineer to understand something of the basis of 
these calculations. 


Dans cette série d’articles, Vauteur expose les éléments de la théorie du réacteur nucléaire 
du point de vue de la physique qui domine le proble me. Le but principal recherché est de 
permettre aux ingénieurs n’ayant aucune formation spéciale dans la physique nucléaire 
d’ acquérir les connaissances fondamentales nécessaires pour comprendre le calcul des réacteurs 
A Vheure actuelle, de tels calculs sont pour la plupart du ressort du savant spécialiste de la 
physique nucléaire, mais, éventuellement, ils devront étre établis par Vingénieur charg 
de Vétude du réacteur, tout comme il effectue d'autres travaux d'étude de son métier. De ce 
fait, il est nécessaire que le future ingénieur de réacteurs ait quelques connaissances des bases 
de ces cak uls, 


In dieser Artikelreihe behandelt der Verfasser die Elemente der Kerntheorie von physika 
lischen Gesichtspunkten aus gesehen. Hauptzweck der Artikelserie ist, Ingenieuren, die in 
der Reaktorenphysik nicht geschult sini, die fiir Verstandnis der Reaktorenkalkulation uner 
lasslichen grundlegenden Kenntnisse zu vermitteln. Gegenwadrtiy sind solche Kalkulationen 
mehr oder weniger dem Physiker vorbehalten, aber sie miissen zukiinftig doch vom Ingenieur. 
der den Reaktor konstruieren soll, durchgefiihrt werden, genau so wie es heute hei anderen 
Konstruktionsaufgabe n der Fall ist. Daher muss der zukiinftige Reaktorenkonstrukteur etwas 
von den Grundlagen dieser Kalkulation verstehen. 


En esta serie de articulos el autor presenta los elementos de la teoria del reactor nuclear bajo 
el punto de vista Fisico del problema. El objeto principal es permitir a aquellos ingenieros que 
no han tenido entrenamiento especial en la Fisica del reactor, adquirir el conocimiento funda 
mental necesario para comprender los calculos del reactor. Enel momento presente tales cdlculos 
son, en su mayor parte, la esfera de accién del Fisico, pero en ultimo término tendran que ser 
realizados por el ingeniero que disena el reactor, del mismo modo como lleva a cabo otros 
disefios en ingenieria. Asi pues, es necesario para el futuro ingeniero reactor comprender 
algo de las bases de dichos calculos. 


B amott cepuu cmamet aemop u3zAsazadem asAeMeHMbE MeOpPUU AVEpHO2O peakKmopa C MoXKuU 
apenua Gusureckott cmoponn npobsemo. Taasnan yeas cmameti—damb unomenepam, He 
npowedwum cneyuatoHot NodzomoeKu 6 O6LAcMU peaKMmopHot HusurKu, ocHoenwe ceedenua, 
Heo6xodumne OAR NOHUMAHUA PeakKMOopHwIX pacuemos. XomMA cetivac amu pacuemdl 2AGeHdIM 
06pa3z0m erinadaim Ha Jo GFusurno0e, 6 KOHEUHOM CUeme UX NPUDEMCR DesaMb UHICeHepaM 
KOHCMpYyKMOpaM peaxmopa é moti sce MEpe, 6 KAKOT UM NPUXODUMCA VeLAMb U OCMAaAbH YW 
pa6Gomy no mexnuyeckum pacvemam. Iloamomy 6ydywemy peaxmopHomy unoicenepy 
’ HeEOOxXOOUMO NOHUMAMS 6 OCHOEHOM CYMb ImUxX pacremoe. 


32 





uclear Meas Power 


| the 


who 


sary 

the 
0 is 
ork 


8s of 


aire 


ika 
ein 
ner 
nen 
eur, 
eren 


was 


WA jO 
} que 
rda 

ulos 
ep ser 
tros 
nder 


D4nU 
|, He 
HUA, 
HbILM 
‘pam 
1H YO 
Hepy 


Neutrons and their reactions with matter 


1. The atomic nucleus: neutrons and protons 
pees atomic nucleus contains two kinds 

of particle : the proton and the neutron. 
The proton carries a unit positive charge 
while the neutron has zero charge. The 
number of protons in a nucleus is called the 
atomic number Z of the nucleus and charac- 
terises the element. In other words, nuclei 
of the same chemical element all have the 
same number of protons but may have 
different numbers of neutrons. These nuclei 
are then called isotopes of the element. 

On a mass scale, which arbitrarily sets 
the mass of the oxygen isotope containing 
eight protons and eight neutrons at 16 
units, the mass of the proton is 1-007593 
and that of the neutron is 1-008982. This 
unit is called the atomic mass unit or 
a.m.u. In terms of metric units 


1 a.m.u. 1-6598 «x 10° *4 gm. 


The sum of the number of protons and 
neutrons in a nucleus is called the mass 


number A, thus 
A N + Z. 
where N is the neutron number. 
In order to specify a particular nucleus 
of an element X it is customary to write it as 
vA 






Z- , 
where X is its chemical symbol. 

Thus the oxygen isotope mentioned above 
would be written: 

,0**. 

In fact it is not necessary to include the 
Z, as this signifies the element as does its 
chemical symbol. Thus O"* is sufficient to 
define completely the nucleus. 

For stable elements of low mass number, 
the number of protons in the nucleus is 


approximately equal to the number of 


neutrons. However, as the mass number in- 
creases, the neutrons increase more rapidly 
than the protons until there are about 
one and a half times as many neutrons 
as protons. Thus, if we plot N against Z 
for the stable nuclei, the curve is as shown 
in Fig. 1.1, where the nuclei, of course, lie 
around the curve and not exactly on it. 


The present article starts with a description of the basic facts of nuclear physics necessary 
for an understanding of the processes which take place in a reactor. Little or no attempt is 
made to justify statements in this section: for this the literature of nuclear physics will have to 
be consulted. This is followed by a statement of the arguments which lead to the possibility of 
maintaining a chain reaction by means of a reactor. Having stated the necessary basic facts 
the remaining articles will formulate a simple theory of the neutron behaviour and discuss how 
this may be applied to their action in a reactor. The calculation of the size of a reactor will 
then be dealt with and, finally, the effect of running it at power. 


Le présent article débute par la description des principes fondamentaux de la physique 
nucléaire qu'il faut connaitre pour comprendre les opérations qui se produisent dans le 
réacteur. Il n’y est donné que peu ou point de justifications concernant les affirmations faites 
dans cette partie; et pour en avoir, il sera nécessaire de se référer aux ouvrages sur la physique 
nucléaire. Ensuite vient un exposé des arguments tendant @ la possibilité de maintenir une 
réaction en chaine au moyen d'un réacteur. Apres avoir e rposé les principes fondamentaux 
nécessaires, les autres articles élaboreront une théorie simple concernant les réactions des 
neutrons et discuteront Vapplication de ces réactions a leur action dans le réacteur. Le calcul 
des dimensions d’un réacteur sera ensuite étudié et finalement les effets du fonctionnement du 
réacteur @ son plein rendement 


Der gegenwartige Artikel beginnt mit einer Darstellung der Grundlagen der Kernphysik, 
die fiir das Verstandnis der Vorgange im Reaktor notwending sind. In diesem Abschnitt wird 
kaum der Versuch gemacht, die Angaben zu begriinden. Fiir diesen Zweck wird auf die 
Nachschlagewerke iiber Kernphysik verwiesen. Anschliessend werden die Argumente aufge- 
fiihrt, die zur Erkenntnis fiihrten, dass im Reaktor eine Kettenreaktion aufrechterhalten 
werden kann. Nach Behandlung der grundlegenden Tatsachen, werden die iibrigen Artikel 
eine einfache Theorie fiir das Verhalten der Neutronen formulieren und darlegen, wie diese 
auf die Neutronenwrikung im Reaktor angewendet werden kann. Es folgen schliesslich 
ingaben iiber die Kalkulation der Reaktorabmessungen und die Betriehsverhdlntisse. 


El presente articulo empieza con una descripcién de los hechos basicos en fisica nuclear, 
necesarios para la comprensién de los procesos que tienen lugar en el reactor. En esta seccién 
muy poco o ningun intento se hace para justificar las explicaciones; para eso habra que 
consultar la literatura sobre fisica nuclear. A continuacion sigue una explicacién de los 
argumentos que conducen a la posibilidad de mantener una cadena de reaccién por medio de 
un reactor. Habiendo explicado los hechos basicos nenesarios, los demas articulos formularan 
una simple teoria del modo de comportarse del neutron y discutir como esto puede aplicarse a 
su accion en un reactor. Entonces se tratara de la calculacién del tamano del reactor, y final- 
mente, del funcionamiento del mismo & su potencia maxima. 


Tlepean Cmamba HAXUHGeEMCA C UZAONCEHUA OCHOG ROEPHOU Husuru, 6e3 KoMOpPUxX HENOHAMHB 
npoucxodauue 6 peaxmope npoyeccdst. Asemop cmambu He noimaemcsa oGocHosrieamb 
eancHelLumux ymeepocdenuti—Ora amozo caedyem npubeznymb K coomseemcmeynwumet 
Aumepamype. 3amem u3.taeaiomca dosodnl, npuseduUe K YCMANOBLeEHUIO B03.tO9NCHOCMU 
noddepxcaHua yenHott peaxyuu nymem peaxmopa. ITlocaedyrwuue cmamou xocnymca 
OCHOGHDLX MeopemuNecKUx NPUHYUNOE nosedenuAR Hetimponos U OOCYICOeEHUA BO3.MOHCHOCMU 
ux NPUMeHeHUA 6 peaKmope. Bamem perb GyGem ummu oO pacueme pazmMepoe Peaxmopa U, 
HaKOHeY, 0 €20 9IMepzemuNecKkux PyHKYUAX. 
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Fig. 1.1. Neutrons vs protons 


2. The interaction of neutrons with matter 


Neutrons can interact with nuclei in a number of ways 
which will now be described separately. 


(i) Neutron capture 

In the capture process the neutron is actually captured 
by the nucleus and becomes a part of it. A new nucleus is 
formed which is, in fact, an isotope of the same element 
as the original nucleus. 

The new nucleus may be stable or unstable. If it is 

unstable it may suffer three possible fates: 

(a) It may emit an a-particle. This is the nucleus of a 
helium atom, which contains two protons and two 
neutrons. In this case the nucleus changes its 
chemical character, as it has lost two units in 
atomic number. as well as four units in mass 
number. 


(b 


It may emit an electron, which is usually called a 
f-particle in this context. This electron arises from 
one of the neutrons in the nucleus turning into a 
proton and an electron. The electron carries a unit 
negative charge and has a mass of only about 

1/1836 of the proton. Again the chemical character 

of the nucleus is changed. This time, however, the 

atomic number is increased by one unit but the 
mass number is unaltered. 

(c) A y-ray may be emitted. This may be simply 
regarded as the emission of a parcel of energy. In 
fact it is manifested by the emission of electro- 
magnetic radiation. 

If a y-ray alone is emitted the nucleus clearly does not 
change its chemical state. However, a y-ray may also be 
emitted along with the emission of an a- or /-particle. 

If the instability of the nucleus is of type (a) or (b) the 
nucleus is said to be radioactive. 
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(ii) Neutron scattering 

This process may be simply regarded as a neutron 
making a collision with a nucleus and rebounding with a 
decreased energy. This is an over-simplification of the 
process but is satisfactory to use as a model. 

There are two types of scattering; the first is called 
elastic scattering. The energy of the scattered neutron can 
be calculated in terms of its initial energy, the mass of the 
nucleus and its own mass by the ordinary laws of elastic 
scattering in Newtonian mechanics. Calculations of 
elastic scattering will be done later. 

In the second type of scattering, called inelastic 
scattering, the scattered neutron has less energy than it 
would have if it had been scattered elastically. Inelastic 
scattering is important only for neutrons of high energy, 
the term here being taken to mean neutron energies of the 
same order as that of neutrons produced in fission. 


(iti) Neutron fission 

In fission the neutron is captured by the nucleus which. 
as a consequence, becomes unstable and splits up—usually 
into two separate nuclei, some spare neutrons and some 
y-rays. The neutrons produced in fission appear almost 
immediately after the event, in a time of the order of 
10~™ sees. In fact, this type of fission is really another case 
of instability following neutron capture and could have 
been listed under (i). 

A further type of fission which is important may be 
mentioned here. This is spontaneous fission, in which the 
nucleus is split without the intervention of any outside 
agency. This is important in that it supplies a ready source 
of neutrons in a reactor, especially if U** is present. The 
rate of spontaneous fission in this element is high. about 
seven occurring per kg per sec. 

3. Neutron cross-sections 
(i) Definition of cross-section 

Any of the above types of interaction may take place 
between a neutron and a nucleus. However, for a given 
nucleus the different interactions are not equally likely 
and some may have no chance of occurring at all under 
certain circumstances. Thus fission happens in only 
relatively few nuclei. 

It is necessary, then. to have some quantity which 
measures the chance of a neutron making a particular 
type of interaction with a given nucleus. This quantity is 
called the cross-section for the particular reaction for that 
nucleus. It has the dimensional units of an area and can 
be regarded for the moment as the effective area of the 
nucleus presented to the neutron for this reaction. A strict 
definition will be given later. 

Cross-sections are denoted by the symbol o. with a 
subscript to denote the type of reaction. Thus o;. ¢,. 0, 
represent fission, capture and scattering cross-sections 
respectively. 

The unit of cross-section is the barn, where 

lL barn = 10-™ cm? 

A further type of cross-section is used in the case where 
fission as well as capture takes place. This is the absorp- 
tion cross-section.¢,, defined as the sum of the capture and 
fission cross-sections. Absorption, then, represents the 
disappearance of a neutron into a nucleus. 

A total cross-section oy is also defined as the sum of 
the individual cross-sections, 
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Cross-section values vary enormously from one nucleus 

to another. The over-all variation is between almost zero 
alue and a maximum of about 3 10° barns. 
(ii) Variation of cross-section with neutron energy 

\ll neutron cross-sections vary with the energy (or 
speed) of the neutron. Before discussing the variation of 
the individual cross-sections with energy it is necessary 
to define a unit of energy for this purpose. 

The unit commonly used is the electron volt, given the 
symbol eV, and is defined as the energy acquired by an 
electron in being freely accelerated across a potential 
difference of one volt. 

In terms of more familiar units 


le\ 1-603 10 


Now in a reactor the maximum range of neutron energy 


19 watt-secs. 


with which we are concerned is 0-025 eV to about 2 MeV 
(1 Me\ 


energy 


10° eV). The upper limit represents the average 
of neutrons produced by fission: the lower, the 
energy of thermal motion of atoms or molecules at room 
temperature. This is the energy a neutron in contact with 
matter would take up if it were allowed to come into 
thermal equilibrium with the matter. 

(a) Scattering cross-section.—All nuclei have an elastic 
scattering cross-section. In general. its value is of the 
order of a few barns and again, in general, does not vary 
substantially with energy. 

Inelastic scattering is more pronounced for nuclei of 
large mass numbers, and then only at high energies. It 
tends to increase slowly over the range of interest here. 
At these high energies it may dominate the elastic 
scattering. For all nuclei, scattering is the dominant 
interaction at high energies. 

(b) Capture cross-section.—Almost all nuclei have a 
capture cross-section, and the range of variation between 
nuclei can be from approximately zero barns up to about 
3» 10° barns. The variation with neutron energy for a 
given nucleus can also be very great. 

It is convenient to divide the energy range up into three 
parts to discuss this cross-section. At high energies (above 
about 0-1 MeV) the capture cross-section is small com- 
pared with the scattering. In the intermediate energy 
range (about 10 eV to 0-1 MeV) the phenomenon of 
resonance may occur. This results in the capture cross- 
section rising to very high peaks for certain values of the 
neutron energy. These peaks may be many hundreds or 
thousands of times the value of the general level of the 


cross-section, as illustrated in Fig. 1.2. 
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Fig. 1.2. Resonance captures 


For the lower energy region (< 10 eV), usually called 
the thermal region, the capture cross-section varies ap- 
proximately inversely as the neutron velocity and so 
increases with decreasing neutron energy. At these energies 
it may have any value large or small. 

(c) Fission cross-section.—The fission cross-section be- 
haviour is similar to that of the capture cross-section. 


4. The fission process 
(i) General description 

As we have seen, fission takes place in certain nuclei 
when a neutron is captured by the nucleus which as a result 
splits into two separate nuclei, emitting some neutrons as 
well. This can be represented by: 


A+n—>B—>X+4+/Y + neutrons + heat, 


where A is the original nucleus, n the neutron, B the 
compound nucleus and X and Y the nuclei formed by the 
fission of B. 

X and Y are called the fission products, and may 
represent a wide variety of nuclei, since the fissioned 
nucleus splits in many different ways to give a whole 
series of products. About 85 per cent of the heat which is 
released in the reaction appears in the form of kinetic 
energy of the fission products X and Y. 

If the nucleus A happens to belong to a U** atom, 
then, in each fission, a total of about 200 MeV of energy 
are liberated. Combining this with the figure quoted 
above for the number of watts-seconds in an eV, it will be 
seen that 3-1 
one watt. 


10" fissions per second are needed to give 


(ii) The fission products 

In general the fission products X and Y are not the 
same. Also for different fissionable nuclei the distribution 
of fission products against mass number varies. However, 
this distribution follows the same general shape as shown 
in Figure 1.3, where the actual values quoted refer to 
U235 fission. 

The fission products are radioactive and, in general, 
emit f-particles. The fission product itself, however, may 
be only the first of a series of radioactive nuclei (called 
daughter products) successively formed before a stable 
nucleus is reached. 

The reason for this behaviour can be seen by referring 
to Figure 1.1. If a nucleus of high mass number is fissioned 
—and it is only nuclei of high mass number which are 
fissionable—then the fission products will have a ratio of 
neutrons to protons roughly the same as in the original 
nucleus. However, they will not then lie on the stable part 
of the curve, but above it, and in order to become stable 
they have to convert some of their neutrons into protons. 
As we have already seen, the conversion of a neutron into 
a proton with the ejection of an electron is in fact the 
f-decay process, so that fission products are, in general, 
f-active. 

Another important property of fission products and 
their daughter products is their tendency to capture 
neutrons. For most fission products (using the term 
loosely to describe both the daughter products and the 
original fission products) this is not important, since the 
cross-sections are not large. However, in a few of them, 
the cross-sections are large and they can capture appre- 
ciable numbers of neutrons. This is undesirable because a 
neutron captured by a fission product is simply wasted. 
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Fig. 1.3. U** fission yield 


\ further important property of some fission products 
is their mode of decay. A few may do so by the emission 
of a neutron, and this takes place some time after the 
fission which started the particular chain to which one of 
these products belongs. Neutrons which appear some 
time after the original neutrons produced in the fission 
are called delayed neutrons. 

Thus the process of producing a delayed neutron might 
be: 

fission 
\+n— B—» X + Y + neutrons (about 10°" sees 


after fission). 


B-decay 8-decay B-decay 
Yael, 6 Mo Me, 
delayed neutron 
produced 
X, +n. 


5. Number of neutrons produced in fission 


We shall concern ourselves only with fission induced by 
thermal neutrons, that is, neutrons having energies near 
to 0-025 eV. 

While the only naturally occurring isotope fissionable by 
thermal neutrons is U***, other fissionable isotopes can be 
made artificially, and two of these of special interest are 
L** and plutonium 239, or Pu**. These are produced 
respectively by the reactions: 

B-decay 
thorium 232 + neutron — thorium 233 —~> 
B-decay 
protactinium 233 ——> uranium 233 

B-decay 

239 —— 


uranium > uranium 


238 + neutron 


8-decay 
neptunium 239 —-> plutonium 239. 
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It would seem at first sight that the number of neutrons 
released per fission was of prime importance. However, 
this is not so. As has already been stated, all nuclei have a 
capture cross-section and so, as well as causing fission in 
a nucleus, neutrons can also be captured by the nucleus 
without fission occurring. If this happens, the neutron is 
lost so far as fission is concerned. The important quantity, 
then, is the number of neutrons produced per neutron 
absorbed in a fissionable nucleus. 

Thus, if y is the average number of neutrons per fission 
and 7 is the average number of neutrons per neutron 
absorbed, 
| oO Or 
Og +O; C4 

Values of vy and 7 for fission by thermal neutrons are 
quoted in Table 1.1 for the isotopes U**, U5 and 
Pu2*9, 


1) v 


v 1) 
[233 2-54 2-31 
[235 2-46 2-08 
Pus 2-88 2-03 


Table 1.1 


It will be seen that although Pu** has the best yield of 
neutrons per fission among the three istopes, it has the 
poorest yield per neutron absorbed. 

In the thermal fission of U** the average energy of 
the fission neutrons is 2 MeV. 


6. Possibility of a chain reaction 

By a chain reaction we mean that in a system containing 
fissionable material, and other materials if necessary, start- 
ing with a given number of neutrons. these can be made 
to cause fissions and so produce a further generation of 
neutrons, the process being continued. Furthermore, if it 
can be so arranged that each succeeding generation does 
not contain fewer neutrons than the previous one, then 
the original number of neutrons will be at least main- 
tained in the system. 

Inspection of Table 1.1 shows that for each of the fission- 
able materials listed, at least two neutrons are produced 
for each neutron absorbed. One of these is required for 
further absorption in the fissionable material to maintain the 
reaction and so 7—1 are available for the other necessary 
reaction, all of which, in general, will be wasteful. These 
neutrons are either captured in other materials present or 
escape from the system altogether. Thus, per neutron 
absorbed in the fissionable material, if the system can be so 
arranged in content and size that these wasteful neutron 
rates do not exceed 7— 1, then it will be possible to at least 
maintain the chain reaction. 


7. Possibility of a chain reaction in natural uranium 

{s has been said, the only naturally occurring thermal 
fissionable isotope is U**5, and this is found only as a con- 
stituent of natural uranium where each U** atom is 
mixed with 138 atoms of U?**. Let us therefore consider 
the possibility of a chain reaction in a block of natural 
uranium. In order to have the most favourable conditions 
we shall assume that the block is infinite in size, so there 
will be no loss of neutrons by escape. 
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Now assume a source of fission neutrons of energy 2 
MeV in the block. The fission cross-sections of both U2%5 
and U** are small for fission energies and are comparable 
in size, so we need only consider the possibility of fission in 
U**. However, U** is fissionable only with neutrons of 
energy greater than 1-1 MeV, so we have to consider the 
chance of fission by neutrons of energy greater than this 
with the chance of other possible interactions by these 
neutrons. 

Two facts immediately emerge. One is that the chance 
of fission is small; the other is that the possibility of a 
neutron being scattered inelastically is high and if this 
happens to a 2-MeV neutron it is almost certain to be 
reduced to an energy below 1-1 MeV, and thus cannot 
cause a fission in U2, 

So, although some neutrons can be made to cause 
fissions in U***, there will be not nearly enough to main- 
tain the initial number of neutrons. 

Thus two situations are left open. One is to separate the 
U2 from the U?** and then use it alone as the fissionable 
material. In this way it is possible to maintain a chain 
reaction using fission by the fast neutrons alone. This is 
then the basis of a fast reactor. 

Alternatively, if it were possible in the block of natural 
uranium to reduce the energy of the neutrons to the 
thermal value, then although there is only 1 atom of 
U2 to 138 atoms of U**8, the fission cross-section of U2 
is so large that an appreciable number of fissions will take 
place. 

Now, in the block, the neutrons will collide with the 
U** and U** atoms and be scattered elastically, thus 
reducing the neutron energy. However, as the masses of 
these nuclei are respectively about 238 and 235 times the 
mass of the neutron, the energy loss per collision will be 
small and so the neutron will pass down the energy scale 
by an enormous number of small discrete steps. However, 
U**s exhibits the phenomenon of resonance in its capture 
cross-section and so the neutron is almost certain to be 
captured in the resonance region in U***. Thus again a 
chain reaction is impossible. 


8. Possibility of a chain reaction utilising natural uranium 

[It is evident that the main difficulty in maintaining a 
chain reaction, using thermal fission and natural uranium, 
is that the neutrons are absorbed in the U2** resonances. 
If, however, we could find some way by which the neutrons 
could avoid capture in these resonances and so reach 
thermal energies, then the chance of maintaining a chain 
reaction would be enormously increased. How, then, is 
this done? 

Consider first the collision of a neutron with a hydrogen 
nucleus. This is, in fact, a proton and it has the same 
mass as the neutron. On the face of it, the neutron could 
give up all its energy to the proton and be immediately 
reduced to thermal value without ever having had a 
resonance energy. Unfortunately hydrogen is a gas with a 
low density and could not be used in this way, but the 
idea is correct in principle. So one looks for another ele- 
ment with a low mass number which would make it 
suitable for reducing the energy of the neutron to the 
thermal value quickly. This process of reducing the 
neutron energy is called slowing down or moderation of the 
neutrons, the material used for this purpose being called 
the moderator. It is, of course, also necessary that the 
moderator has a low capture cross-section or else it will 


capture too many neutrons itself. Possible moderators are 
hydrogen in the form of ordinary water, deuterium as 
heavy water, beryllium, beryllium oxide or graphite. 

Nevertheless, it is still not sufficient to mix the natural 
uranium with the moderator as a homogeneous mixture. 
as this would still result in too many captures by the 
resonances in U**, (A homogeneous mixture of natural 
uranium and heavy water is an exception.) To make a 
self-sustaining chain reaction using natural uranium and 
a moderator, one arranges the uranium in discrete lumps 
in the moderator. Then a fission neutron leaving a lump 
of uranium has to travel through a mass of moderator 
and so is probably reduced to thermal energy before it can 
reach another lump of uranium and perhaps undergo 
resonance capture. Thus the chance of a neutron being 
absorbed by a resonance is greatly reduce. In practice. 
the usual method of lumping the uranium is by the use of 
cylindrical rods. 


9. Other types of chain-reacting systems 

So far we have shown how to make a self-sustaining 
chain-reacting system using natural uranium and a 
moderator, and have pointed out that a fast reactor could 
be made using U**. Similarly fast reactors could be 
made using Pu®*® and U***, 

It has been demonstrated that it is not possible to build 
a reactor consisting of a homogeneous mixture of natural 
uranium and moderator. Such homogeneous reactors are 
possible, but it is necessary to increase the neutron pro- 
duction to make up for the large resonance capture. This 
can be done by increasing the proportion of U*** in the 
mixture, or “enriching” the uranium. This will increase 
the chance of a neutron being absorbed in the enriched 
uranium and so lead to a greater net production of fission 
neutrons. 

A further possibility arises from the use of either enriched 
uranium or pure fissionable material. If the proportion 
of U*** is not too high in the enriched material, and cer- 
tainly for the pure fissionable material, by using a less 
amount of moderator than for the thermal reactor, so that 
the neutron energy is not so efficiently reduced, it is possible 
to absorb in the U** sufficient neutrons of energy greater 
than thermal to maintain a chain reaction. This is called 
an intermediate reactor because it operates on fissions in 
the neutron energy range intermediate between thermal 
and fast. 


10. Thermal reactors 

So far we have seen that the essential requirement for a 
thermal reactor using natural uranium is that the 
uranium shall be in discrete lumps—and we shall consider 
it here to be in the form of cylindrical rods. 

However, there are also other requirements. As the 
reactor is run, heat is generated in the rods and so they 
have to be cooled. Thus surrounding each rod there will 
have to be a space through which a coolant can flow. One 
necessary property for the coolant is that it must not 
capture neutrons excessively. Furthermore, fission pro- 
ducts are formed in the rods, and because they have 
kinetic energy some of those formed near the surface will 
be ejected from the rods. Since these are radioactive it is 
inadvisable to allow them to get into the coolant stream 
as the activity may then be carried to places where it may 
do harm. For example, in the case of an air-cooled reactor 
the heated air is discharged to atmosphere though a stack. 
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It is therefore necessary to encase the uranium in some 
material to retain these fission products. This material is 
called a can or sheath and must have certain properties. 
It must not capture neutrons excessively, it must be a 
good heat conductor, and it must not react chemically 
either with the uranium or the coolant. Possible sheathing 
materials are metals of low capture cross-section such as 
aluminium, magnesium. beryllium, zirconium or stainless 
steel. 

The structure of the reactor consisting of the moderator, 
fissionable material, sheath and coolant is called the core. 
If a reactor were built consisting only of a core it would be 
wasteful in fissionable material because a relatively large 
number of neutrons would simply escape from the core 
and be lost. However, if we surround the core by a 
material which scatters neutrons and does not capture 
them appreciably, then some neutrons that would other- 
wise have been lost will be returned to the core. This 
makes available more neutrons and allows the size of the 
core, and hence the investment of fissionable material, to 
be reduced. 

The material surrounding the core is called the reflector. 
It is clear that it requires the same properties as a modera- 
tor. In fact many reactors employ the same material as 
moderator and reflector. As has been noted, some neutrons 
inevitably escape from a reactor. So, too, do y-rays which 
are produced in the reactor as a consequence of neutron 
capture and radioactive decay. Both neutrons and y-rays 
are dangerous to life and so some method has to be 
devised for preventing the escape of too many. This is 
done by surrounding the whole reactor structure of core 
and reflector by a shield, the purpose of which is to reduce 
the neutron and y-ray escape to a safe level. 


Il. Effects on a thermal reactor of running at power 
(i) Temperature effects 

When a reactor is operating, heat is produced and the 
components of the reactor will, in general, be above room 


temperatures. Because cross-sections vary with neutron 
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energy and hence with temperature, the reactor charac- 
teristics will be different when it operates at elevated 
temperatures. In fact it has to be made larger than it 
would be if it could remain at room temperature. This 
is called the temperature effect and is important in the 
control of a reactor. 


(ii) Fission product poisons 

As a reactor is operated, fission products appear. It so 
happens that some of these which have a high yield also 
have very high capture cross-sections—in particular the 
isotopes Sm'* and Xe'*—which means that neutrons are 
readily absorbed by these poisons, as they are called. This 
affects the operation of the reactor and, as with the tem- 
perature effect. it means that it has to be larger. 


(iii) Change in the fissionable material content 

A further consequence of operating a reactor is the 
change in content of the fissionable material. If this is any 
mixture of LU** and U** the fissionable U*** is gradually 
consumed, but due to the capture of neutrons in U***, both 
in the resonance region and at thermal energies, plutonium 
is produced as already described. Thus a new fissionable 
material is produced and again the reactor is affected. 


12. Reactor control 

For the various reasons given, the state of a reactor is 
continually changing and, at least due to the temperature 
and poisoning effects, its size has to be greater, the higher 
the operating temperature. However, it is impracticable 
actually to change the reactor size, so the practice is to 
make it initially as large as will be necessary to meet all 
foreseen circumstances. There will then be too many 
neutrons available for the initial state and so they are 
removed by the insertion into the core of strongly neutron- 
absorbing rods. These are called control rods and are used 
to keep the reactor in its proper state. 


(The next article in this series will be—‘* The 
behaviour and diffusion of thermal neutrons ”’) 
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ports. 3rd Edn. M. Greenhill. 

AERE R'R1225 A of ZETR 
experiments. F. W. Fenning. C. C. 
Horton, J. D. McCullen. 3/6* 

AERE NPR 1770 The design of a Cerenkov counter for 
the proton synchroton at Birmingham 
University. J. V. Jelley. 

AERE RP/R 1776 The 


neutron fine structure in reactors with 


two-group analysis 


diffusion theory of thermal 
non-uniform spacing of the fuel 


elements. Pt 1. D. A. Newmarch. 
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Electromagnetic pumps 


(orem, sodium-potassium alloy and lithium form a 
\” group of liquid metals which are likely to be used in 
nuclear-energy applications mainly as coolants where high 
rates of heat transfer at high temperatures are required. 
Bismuth is also likely to be useful, particularly in liquid- 
fuel reactors, due to its ability to dissolve uranium and its 


low neutron-absorption cross-section. These two classes of 


liquid metal—the low density, viscosity and resistivity 
metals like sodium, and the high density, viscosity and 
resistivity metals like bismuth or mercury—usually re- 
quire different methods of pumping. To meet these needs 
the British Thomson-Houston Company has developed 
various types of electromagnetic pump. 

The main advantages of electromagnetic pumps over 
mechanical pumps are: 

(1) The only moving part is actually the liquid metal, 

so there are no bearings or glands to maintain. 


—_— 
to 
~— 


The length of the pump can be many times shorter 
than the equivalent mechanical pump without in- 
troducing cavitation or break-up of liquid—this is 
important where the length of mechanical pump is 
an appreciable fraction of length of circuit in an 
industrial process, thus leading to considerable sav- 
ing in capital cost of liquid metal in the case of the 


EM pump. 






ELECTRO OR 
PERMANENT 
MAGNET 


Fig. 1. 
In the DC conduction 
pump, a heavy current 
is passed through the 
liquid metal at right 
angles to a magnetic 
field. By Fleming’s 
Left Hand Rule a force 
is developed in the 
liquid in a direction 
mutually perpendicular 
to the current and 
field, that is, along the 
pipe axis. Such a pump 
can handle bismuth, 
for example, at 500° C 
with a discharge of up L! 
to 2000 gal/min 
at 50 psi 





for liquid metals 


(3) The over-all efficiency of the EM pump is at least as 
good as that of the equivalent mechanical pump: 
in many cases it is better. 

For bismuth, the DC conduction pump (D.C.C.P.) is 
generally considered the most suitable. This pump, shown 
in its most elementary form in Fig. 1, operates on the same 
principle as the DC motor, as symbolised by Fleming’s 
Left Hand Rule: that is, if an electric current is established 
in a conductor and a field maintained at right angles to it, 
a force is developed perpendicular to both current and 
field. 

In the case of the electromagnetic pump the current is 
established in the liquid itself and a pressure is developed 
directly within it. DC conduction pumps suffer from the 
great disadvantage of inconvenient electrode current re- 
quirements—thousands of amperes at a level of one volt. 
For example, a 100-hp pump recently designed required 
100,000 amperes at 2-5 volts. An efficiency of up to about 
40 per cent can be achieved at this size. 

AC excitation of the conduction pump (A.C.C.P.) eases 
current-supply problem, but efficiencies 





particularly in 
large sizes—are lower, they are, however, very useful in 
small sizes, where an acceptable efficiency and power 
factor can be achieved and liquids of both sodium and 
bismuth type can be successfully accommodated. 
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Fig. 2. 
In the spiral induction 
pump the rectangular 














section pipe is wound 
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SPIRAL GUIDE VANES 


A further possibility in electromagnetic pumping is to 
induce the current in the liquid metal, and one of the most 
useful methods of doing this, particularly with metals like 
sodium, is to employ the induction-motor principle. The 
spiral induction pump (S.1.P.) operates on the lines of the 
induction motor. As can be seen in Fig. 2, the construction 
is virtually that of a standard polyphase stator with a 
fixed core and a large air gap through which is wound 
several turns of a rectangular pipe containing the liquid 
metal. End rings are necessary in principle in establishing 
the desired axial electric current. The field is of course 
radial, so the flow is circumferential, and the channel walls 
or guide vanes ensure that the liquid moves through the 
pump. Spiral induction pumps are specially suited to low- 
flow, high-pressure applications: 100 psi at 10 gal/min, 
and 80 psi at 40 gal/min are ratings of pumps which have 
been designed and it is in sizes such as these, say up to 
10-hp output, where they have so far been most useful. 

The linear induction pump operates on the same princi- 
ples as a spiral induction pump, but the channel is straight 
and the travelling waves of field, flux and current move 
axially. Two main forms of this pump exist. One is the flat 
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spirally round the 
magnetic core. Such 
pumps are suitable for 
low-flow, high-head 


applications 






form where the channel is rectangular with side bars on 
either side, performing the same function as end rings in 
the induction motor, and the winding is of the polyphase 
conventional type, though flat and on either side of the 
channel. An alternative form employs an annular channel 
enclosing a radially laminated central core and being itself 
enclosed by a polyphase winding made up of pancake coils 
in radially laminated slotted punchings. One of these 
pumps designed for 420 gal/min at 14 psi is shown in Fig. 3. 
The best efficiency recorded with this pump was 36-2 per 
cent with 22/78 NaK at 175°C. 

High-duty pumps 

The annular linear induction pump (A.L.L.P.) is suitable 
for much larger flow and pressure applications. Difficulties 
of inaccessibility of the winding can be avoided, either by 
splitting the winding so that it can be removed from the 
pipe, or by adapting a reverse-flow form of construction 
where the fluid enters within a pipe inside the central core 
and reverses direction at the end to flow in the annular 
space between core and winding (C.A.L.I.P.). The coil sand 
slotted yoke can then slide over the free end. 


Fig. 3. 

For high power levels 
the annular linear 
induction pump is 
applicable. This is a 
relatively small one for 
Na-K eutectic alloy 
and it delivers 420 
gal/min at 14 psi with 
an efficiency of 35 per 
cent. It is shown here 
with the cover removed 
to show the windings 
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Thermal neutron counters in production 


Boron trifluoride proportional counters for thermal 
neutrons are now being manufactured by 20th Century 
Electronics Ltd, King Henry’s Drive, New Addington, 
Surrey, England. The BF,(n,a) reaction is used and high 
detection efficiency combined with low background is 
claimed for the instruments. They are designed either for 
use with collimated beams of neutrons or under total 
irradiation conditions. 

The counter body consists of a thin-walled tube made 
of oxygen-free copper to minimise neutron capture, and 
the anode connection is brought out at one end through a 
glass-metal seal. The body surrounding the seal is threaded 
to facilitate the attachment of terminations to suit the 
equipment employed; unless otherwise specified, all 
counters are supplied with a threaded end termination 
incorporating a Plessey Mk IV single-pole concentric plug. 

Two series of counter are available: Series B, filled with 
unenriched BF, with an isotopic concentration of 19 
per cent B", and Series EB, filled with enriched BF, with 
an isotopic concentration of 96 per cent B'. The type 
12EB40 counter, for example, which is 1 inch in diameter 
with an active length of 12 inches, will give three counts a 
second for a thermal neutron flux of 1 neutron per sq cm 
per sec. The enriched gas is manufactured at the Addington 
factory. 


Names in the news eee 


Sir Ben Lockspeiser, KCB, FRS, 
Tube Investments Ltd, and has been appointed scientific 
adviser to the Tube Investment Group. Sir Ben recently 
retired from his position as Secretary to the Department 
of Scientific and Industrial Research. 


Sir Miles Thomas 
Monsanto Chemicals Ltd in succession to Mr E. A. O’Neal., 
Jr. whose duties in America as a director of the Monsanto 
Chemical Company, USA, have prevented him from con- 
tinuing as chairman of the board. Sir Miles has occupied 
the position of chairman and chief executive of British 
Overseas Airways Corporation for the last seven years and 
recently resigned from that position with the agreement 
of the Minister of Transport and Civil Aviation. Prior to 
joining British Overseas Airways Corporation he was 
vice-chairman and managing director of the Nuffield 


Organisation. 


Reginald S. Medlock 
ment department at George Kent Ltd, Luton, has been 


head of the research and develop- 


appointed to the board of the company. Mr Medlock went 
to Kent’s with a first-class London chemistry degree in 
1935 and became head of the newly constituted combined 
research and development department in 1951. He visited 
the United States as a co-leader of the Design for Pro- 
duction team sponsored by the Anglo-American Pro- 
ductivity Council and he recently completed a period as 
chairman of the control section of the Society of Instru- 
ment Technology. 


has joined the board of 


has been appointed chairman of 





20th Century director 
Norman Balaam checks 
the gas filling of a BF, 


neutron counter at the 


Surrey factory 


Dr A. M. Smith 
the nuclear power group of Rolls-Royce Ltd, who recently 


has been appointed senior physicist in 


disclosed that they have established a group working on 
atomic power for propulsion. Dr Smith graduated at 
Aberdeen in 1948 with first-class honours in mathematics 
and natural philosophy. He joined the lecture staff of the 
physics department and obtained a PhD degree. For the 
past five years he has been with the industrial group of the 


UKAEA. 


Mr W. R. Daniels 
staff of 20th Century Electronics Ltd as production 


recently joined the senior technical 


engineer. Mr Daniels was previously with the Pye organisa- 
tion, where he was working on Videcon tubes. He worked 
for some years with Professor Lallemand in Paris and has 
considerable experience in the photo-electric field, par- 
ticularly in relation to pick-up tubes, multipliers and 
radiation detection devices. 


Mr B. Blair 
manager of the equipment division of The Plessey Com- 


works engineer, and Mr A. A. Chinnery, 


pany Ltd, have been appointed executive directors of 
that company. 


Wing Commander J. Aiton Chairman and Managing 
Director of Aiton and Co Ltd, of Derby, recently set out 
on a 35,000-mile world business trip, during which he 
will start the operation of a subsidiary company formed 
in Australia, and see the company’s new works at Port 
Elizabeth, South Africa. 
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These abstracts are taken from British Patent Specifications u ith the permission of the Controller of Her Majesty's Stationery Office. Complete 


specifica - 


tions may be obtained from the Patent Office (Sale Branch), 25 Southampton St, London, WC2, at 3s. a copy (including postage, inland and abroad) 


736,429. Improvements in or relating to the 
recovery of caesium. The United Kingdom Atomic 
Energy Authority (inventors: H. W. B. Collier and P. E. 
Carter). 7th September, 1955. 


\ method for extracting radioactive caesium 137 from 
uranium and/or plutonium fission products is given. 
An aqueous nitric acid solution of fission products is treated 
with phosphotungstic acid to precipitate caesium phos- 
photungstate which is separated from the solution. 

The aqueous nitric acid solution is preferably from N 
to 15N in nitric acid, the lower normality being preferred 
since the solubility of the precipitate in the solution 
increases with increasing nitric acid concentration. Where 
only small amounts of caesium are involved, ammonium 


731,474. Apparatus for neutron irradiation of 
materials. Atomic Energy of Canada Ltd. 8th June, 1955. 


The purpose of this apparatus is to make the production 
of radioisotopes in a reactor simpler in two ways: firstly, 
by enabling the sample to be irradiated to be put in a 
higher neutron flux, and secondly, by avoiding the use of 
special handling equipment for the sample and its con- 
tainer. 

The use of this method of producing radioisotopes is 
related specifically to a reactor of the NRX type. Iso- 
topes are made in such a reactor by inserting the samples 
in holes passing right through the shield and through the 
reflector almost to the calandria. Such a method means 
that the sample cannot be irradiated in the higher neutron 
flux in the core, that these special holes have to be pro- 
vided and shielded and that the irradiated specimen must 
be enclosed in a lead box on removal from the reactor. 

In order to remove these difficulties, the proposal is 
made to form a chamber in a fuel rod assembly of the 
reactor for the sample. In this case the sample will be 
irradiated in a higher neutron flux than previously, no 
special holes are required and the sample and its con- 
tainer can be handled by the same apparatus and equip- 
ment as is used for the fuel elements. 

Two types of chamber are proposed: one opening on to 
an end of a fuel rod and the other in the side of a fuel rod 
assembly with access from the outside. 


nitrate may be added to the solution so that ammonium 
phosphotungstate is precipitated as a carrier for the 
caesium. 

A repetition of the precipitation is desirable where a 
product of high specific activity is desired. This may be 
effected by dissolving the precipitate in aqueous alkali 
and again precipitating the caesium phosphotungstate by 
addition of nitric acid to the alkaline solution. Further 
purification may be obtained by the use of cation exchange 
reactions. For example, it may be dissolved in aqueous 
alkali, the resulting solution brought into contact with a 
cation exchange substance, and the latter, after washing 
with water, may be eluted with dilute aqueous hydro- 
chloric acid to remove sodium and ammonium ions and 
then with substantially 2N aqueous hydrochloric acid to 
remove caesium from the cation exchange substance. 
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THE BRITISH THOMSON-HOUSTON COMPANY LIMITED 


Member of the AE/ group of companies 
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Electro-magnetic pumps 
for high efficiency liquid-metal pumping 













An A.C. Conduction pump for liquid bismuth ; 
to operate at 450°C. with output 15 galls. per min., 
at 15 /bs. p.s.i. pressure. 
greater capacity have been developed by BTH. 


Pumps of considerably 
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An Annular Linear Induction pump for sodium- 
potassium eutectic alloy ; to operate at 175°C. 
with output 420 galls. per minute, at 14 Ibs. p.s.i. 
Efficiency is 35%, and 42% with liquid sodium 
at the same temperature. 


FOUR MAIN TYPES 
A.C. Conduction—-mostly for heavy metals, usually 
at low power levels. 
D.C. Conduction—for use at all power levels. 


Spiral Induction—-for intermediate power levels or 
low-flow/high-pressure applications. 

Annular Linear Induction—for high power levels 
from approx. 3 h.p. output and upwards. 


. Coaxial Annular Induction—-for high power levels. 


BTH have considerable experience in the design and 
manufacture of electro-magnetic liquid-metal pumps for 
sodium, bismuth (up to 550°C.) and mercury. They 
have been developed mainly to handle radio-active 
liquid-metal coolants for nuclear reactors, and great care 
has been taken in the choice of materials and fabrication 
methods. No glands or moving parts are used, and 
they can be many times shorter than the equivalent 
mechanical pump, without sacrifice of overall efficiency. 
Manufacturers of coolant metals, companies using 
processes involving the flow-control of liquid metals, and 
research and training institutes are invited to consult 
The British Thomson-Houston Company, whose design 
and manufacturing resources are available for the 
production of electro-magnetic pumps to suit individual 
requirements. Four main types, in various sizes, are 
now available. Please write for more specific details. 


BRITISH THOMSON-HOUSTON 


RUGBY ENGLAND 


A4992 








Nuclear Power book review 


Atoms and the Universe. G. O. Jones, J. Rotblat and 
G. J. Whitrow. London: Eyre and Spottiswoode. 
254 pp. Price 25s. 


The field of physics has become so large that it is almost 


impossible for one man to give an authentic survey of 


it nowadays, even on a non-technical level. So it was a 
happy idea that three authors should combine, experts 
respectively in the subjects of nuclear, bulk and stellar 
physics. The result is a book which in the first place is 
undoubtedly authoritative and reliable. Nor is it likely to 
get out of date quickly, since the authors have shown 
commendable caution in dealing with controversial 
questions. 

The reader must not expect sensations or dramatic 
language. The style is sober and straightforward through- 
out, but is made human by many references to the 
personal and historical context. The scope of the book is 
ambitious in that it covers a very wide range of phenomena 

—from the structure of atomic nuclei to the expanding 


universe—in considerable detail. With such a bulk of 


information one cannot expect very great depth and the 
inquisitive reader will often find himself faced with a 
somewhat superficial explanation and the remark that in 
order to go deeper a great deal more space and mathe- 
matics would be required. Also philosophical questions do 
not take up much space; the problems are briefly prodded 
to show they are there, a treatment which reflects 
perfectly the attitude of nearly all working scientists. 
The authors do not talk down to the reader. In fact the 
complete layman will frequently find himself faced with 
technical terms which may be strange to him, but by 
skipping them he can still absorb a very considerable 
amount of knowledge. Indeed, there is hardly another 
book which gives such a wide panoramic view of the 
entire world of physics today. O. R. Friscu 


Nuclear Radiation Detectors. J. Sharpe. 185 pp. + 50 
figs. London: Methuen & Co Ltd. Price 11s. 6d. 
This is an unusual book; it is small, and suitable for the 

student, but the author has deliberately planned to in- 

clude as much factual data in the form of tables, graphs 


and references as possible, and the result is a work of 


reference which compares most favourably with many 
larger works. While not very readable, it is packed with 
much useful information to which the designer and the 
more intelligent user of nuclear radiation counters will 
want to refer. For example, the author includes a great 
deal of data about the stopping powers of various 
materials range-energy relationship as well as more 
specific data relating to the performance of individual 
types of radiation detector. 

The emphasis is on the theory of the detection process 
and on the performance of the detector elements them- 
selves. Some details are included of constructional tech- 
niques, but these aspects of the subject are discussed very 
shortly. The book does not mention the auxiliary elec- 
tronic apparatus (e.g. pulse amplifiers, scalers, counting- 
rate meters), or the use of the complete instruments. The 


Nuclear Power 


subjects which are discussed include the interaction of 
nuclear radiation with matter, detection media, the 
efficiency of detectors, secondary emission and _ scin- 
tillation counters, and ionisation devices, which include 
DC ionisation chambers, pulse ion chambers and con- 
duction, gas, multiplication, proportional and Geiger 
counters. 

Within its limited compass the book is well written, 
accurate and can be recommended to the serious user of 
nuclear radiation detectors. There are a few minor errors 
and misprints, but the reviewer did not notice a sufficient 
number to cause him any annoyance. Denis TAYLOR 


Reactor Handbook—Physics. Prepared by the U.S. 
Atomic Energy Commission. 8 in. by 10 in., 804 pp. 
New York: McGraw-Hill. Price 90s. 

The editorial preface to the Reactor Handbook states 
that: “The purpose of the Reactor Handbook is to provide 
a condensed source of reliable data and reference informa- 
tion for those working in the reactor field.”” This volume 
on physics succeeds admirably in its purpose. 

There are essentially three main sections—nuclear 
physics, reactor physics and radiation shielding. The 
first includes a brief review of neutron physics and some 
experimental techniques. The main part of this section, 
however, consists of tables of data. This includes isotopic 
masses and binding energies, fission yield and delayed 
neutron data for thermal and fast neutrons for U2*, 
Pu®** and U***, The largest table contains information on 
all known isotopes. Data is given on their abundance, 
type of decay, half-life, particle emission, energy of the 
particles emitted and methods of production of the isotope. 
This forms a very valuable compilation of information as 
it is very extensively referenced. The data on thermal 
neutron cross-sections is outdated by the volume on Neu- 
tron Cross Sections BNL.325 published along with this 
volume. 

Reactor physics is dealt with in two parts—theoretical 
and experimental. The basis of the kinetic theory of 
neutrons is given, starting with the Boltzmann equation 
and its various methods of approximate solution. This is 
then applied to reactor calculations. The standard 
simpler methods of calculation based on elementary 
diffusion theory are discussed, including the calculation of 
reactor lattices. Also the results of numerous experiments 
on lattices of various types are included along with this 
discussion. 

Finally, the theory of the dynamics of reactors is 
derived, along with the allied subject of the effects of 
changes in the reactor, such as poisons and control rods. 
The final section on radiation shielding deals with the 
problems of reducing neutron and gamma-ray intensities 
to a safe level, with particular emphasis on gamma-ray 
attenuation. 

Each chapter has an extensive list of references (some 
of which are unfortunately classified), but the volume 
provides an excellent work of reference for those engaged 
on the physics side of reactor design. James F. Hitt 
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VACUUM EQUIPMENT 
is VITAL to 


NUCLEONICS, but— 


... only equipment evolved from con- 


stant research and experience. 


HIGH VACUUM ENGINEERING 
owes much of its remarkable development 
to the unprecedented demands of atomic 
energy projects in which EDWARDS 
have been associated since the very 


beginning. 


Our experience is gladly available to 
help you in all matters connected with 
high vacuum ... supply standard equip- 
ment or design plant and instruments to 


your specification. 


For better vacupm service... 


EDWARDS {Gil VACUUL um 


MANOR ROYAL - CRAWLEY - SUSSEX 


CRAWLEY 1500 (10 LINES) 


From 6” to 
74” units for 


experiment 





or production 


Air-ballasted 
to handle 
condensable 


vapours 





From |” to 
24” models 
with integral 


booster stage 





Specially 
designed for 





maximum speeds 
in the industrial 
pressure range 


KNUDSEN 
PHILIPS 
PIRANI 
MANOMETERS 
lONISATION 
McLEOD 
VACUSTAT 





A complete 
range for 

chemical and 
medical 


applications 


Laboratory 
















standards 
brought to 
the factory 
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Experimental 
vacuum 
furnaces from 
} Ib. capacity 
Models 
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VOKES GENSPRING 
specified for Calder Hall 
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Vokes Genspring pipe support systems are acknowledged to 
be the finest and most accurate available. As the first unit in 
a revolutionary departure from normal power generation, 
Calder Hall must have only the best in equipment—and for 
this important pioneer in nuclear power generation the 
authorities specified the latest in the range of Vokes Genspring 
Constant Support Hangers to support the mass of complex 
piping. 


Vokes W.3 and W.4 hangers and their associated fittings are 
used extensively in both the ‘A’ and ‘B’ stations. The hangers 
shown can withstand a load of 30,000 Ib. over a travel of 33 
ins. or 8400 Ib. over 12 ins. 





SUSPENSION SYSTEMS BY VOKES G- NSP RING 


VOKES GENSPRING LIMITED : GUILDFORD: SURREY 
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VOKES ‘Absolute’ air filters 


are individually tested 











How Vokes Filters are 
individually tested 



















A new range of Vokes filters has been developed to ensure 


efficient filtration where dust leakage could be really serious, such The t-teien cc Oh “i 


blue penetration’ test—consists of a 
comparison of dye stains between the 
inlet and outlet sides of the filter. A 
1°, solution of methylene blue dye in 
water is passed through an atomiser. In 
evaporating, the water droplets leave 
dye particles of a known size in the air- 
stream. By number, 90% of these 
particles are below o-5 micron in size, 
while 50°, of them measure less than 
0-05 micron. These are the vital 
abrasives stopped by the Vokes ‘Abso- 
lute’ Air Filters—to your plant’s benefit. 
The box-type canister shown in the 
photograph was tested at 200 c.f.m. and 
with a water gauge drop of no more 
than 1-25 in. the dye penetration was 
only 0-003%%, giving a test efficiency of 
99°997"%. 


as in nuclear energy installations. In these cases, sub-micron 
particles of dust can cause as much trouble as coarser matter, and 
it is to arrest these minute particles that Vokes now offer their 
‘Absolute’ Filters. 

To ensure complete dependability, every Vokes ‘Absolute’ Filter 
is tested by the ‘methylene blue’ 
method* before dispatch; any unit not 
registering at /east 99-95°., efficiency is 
automatically rejected. In this way 
Vokes maintain their claim of ‘absolute’ 
air filtration in those cases where dust 
leakage could cause serious trouble. 


Pioneers of scientific filtration 





VOKES LIMITED: GUILDFORD: SURRE Y 
London Office: 123, Victoria Street, Westminster, S.W.1 


Represented throughout the world 
VOKES (CANADA) LTD., TORONTO VOKES AUSTRALIA PTY. LTD., SYDNEY 
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Science and Applications of Photography 


The full and only record of the proceedings at the 
International Conference held in 1953 as part of the 
Centenary Celebrations of The Royal Photographic Society 


Pp. 664 and xvii £3 3s Bound in cloth 
Fully illustrated : , 4 colour plates 
post free 
+ s . - . ” es ° a « e . a * . e e e e . . ° * . * o 


The Journal of Photographic Science 


Essential reading for all connected with the scientific 
or industrial applications of photography, radio- 
graphy, kinematography, and all related processes 


5s. per issue (six a year) annual subscription: £1.5s. 


This and other publications are issued free to members: Annual subscrip- 
tion £3.3s. inland; £2.12s.6d. overseas. Details from the Secretary, The 
Royal Photographic Society, Dept. NP, 16 Princes Gate, London, S.W.7. 
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Peaceful Uses of Atomic Energy 


The only complete and authoritative record of the International Conference on the Peaceful Uses of Atomic Energy (Geneva, 1955), 
containing in sixteen volumes the texts of all the papers submitted together with a record of the discussions. 


SELECTED VOLUMES 


Vol. 1 The World’s Requirements for Energy; the Role of Nuclear Power. 57s. 
Vol. 7 Nuclear Chemistry and the Effects of Irradiation. 70s. 
Vol. 13. Legal, Administrative, Health, and Safety Aspects of Large Scale Use of Nuclear Energy. 50s. 


Vol. 15 Applications of Radioactive Isotopes and Fission Products in Research and Industry. 54s. 


Vol. 16 Record of the Conference (including the texts of special lectures and an index to the series). 36s. 
Carriage extra in each case 


Descriptive brochure giving details of these and other volumes available on request. 


Order now from the United Kingdom Official Agents, HER MAJESTY’S STATIONERY OFFICE, P.O. Box 569, London S.E.1, 
and the Government Bookshops; or through any bookseller. 





Nuclear Power 





oO” advanced nuclear research apparatus is already 
in use in many parts of the world and now we are 





ready to supply complete nuclear reactor instrumen- 
tation. These important contributions to nuclear en- 
gineering are made possible by the forward thinking 
and planning of our expanding Design, Development 
and Application Engineering Departments, as well as 
the availability of the vast research facilities of the 
A.E.I. Group of which we are members. We shall be 


pleased to discuss “ Sunvic Instrumentation” with you. 


An order has been received from the A.E.I.-fohn Thompson 
Group for their research reactor MERLIN which is to be 
installed at Aldermaston. 





Pulse Height Analyser for the analysis 
of a complex pulse amplitude spectrum 
into groups of known height. 


SUNVIC CONTROLS LIMITED 


No. | FACTORY, EASTERN INDUSTRIAL ESTATE, HARLOW, ESSEX 
SC/IIA Telephone: Harlow 24231 Member of the A.E.I. Group of Companies 
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Plastic 
Scintillators 


NEW LOW PRICES! 
NEW X-RAY SCINTILLATOR! 


Rapidly increasing production of Nash and Thompson’s 
Plastic Scintillators has resulted in greatly reduced prices. 
Scintillators are now available at figures competitive with 
any other producer in the world, e.g.:— 


6” diameter x 1” thick—ONLY £16. 10. 0. 
2” diameter x 1” thick—ONLY £2. 10. 0. 


The new X-ray phosphor, primarily for medical use, is 
“air equivalent” and has a linear response within the 
range of 500 KeV to 25 KeV. 

Other Scintillators available include crystals of Sodium 
lodide, Potassium Iodide, Anthracene, and Stilbene. 
Nucleonic equipments include Portable Dust Sampler, 
Quartz Fibre Measuring Device and 3-Channel direct 
Microamp Recorder. 


Nash and Thompson 


Oakcroft Road, Chessington, Surrey. Tel.: Elmbridge 5252. 
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M new books 


cGraw-Hill 


Documents prepared by the 
United States 
Atomic Energy Commission 


460 pages Research Reactors 49s 
804 pages Reactor Handbook—Physics 90s 


1008 pages Reactor Handbook—Engineering 


112s 6d 
614 pages Reactor Handbook—Materials 79s 


316 pages Chemical Processing & Equipment 


46s 
363 pages Neutron Cross Sections .90s 


> McGraw-Hill 
Series in Nuclear Engineering 


M. A. Schultz Control of Nuclear Reactors and 
Power Plants 52s 6d 


IN PREPARATION 
C. Bonilla Nuclear Engineering 
H. Etherington Nuclear Engineering Handbook 
D. K. Holmes Reactor Theory 
M. Benedict Nuclear Chemical Engineering 


E. P. Blizard Radiation Shielding 


é Also published recently 


R. D. Evans The Atomic Nucleus 1|09s 
G.P. Harnwell Atomic Physics 60s 
L. |. Schiff Quantum Mechanics 2/e 47s 
G. M. Murphy Production of Heavy Water 39s 6d 
B. Lustman Metallurgy of Zirconium 75s 


R. Stephenson Introduction to Nuclear Engineering 
60s 

We shall be pleased to place your 

name on our mailing list for more 

information about our new books 


McGraw-Hill Publishing Company Ltd 
McGraw-Hill House London EC4 
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The KLAXON ‘toot’ ensemble 


Klaxon means ‘ horn’ in any language. Yet 















Industrial Hooters. 
Warning range 250 yds. to . 
1 mile. Indoor or outdoor Fractional Horse Power 
use. Any voltage. Suitable 


for factories, docks, mines, Motors. 
etc Up to 1 h.p. Commutator 


and Induction. Any voltage. 
Standard or High Frequency. 










horns and audible warning devices are but a 
tithe of our turnover. We make electrical and 
electronic devices of advanced design — to 


ultra modern standards. 


KLAXON 


make many other things 
Gd well as horrs / 


We welcome enquiries and gladly undertake 
research and development for the production of 
special devices. Delivery of our Standard Products 
is ‘ Toot Suite ’. 





Electric Air Sirens. : 
Range 440 yds. to 5 miles. Fractional Horse Power 
Indoor or Outdoor. Any Geared Units. 
voltage. Weatherproof and Torques to 2,500 Ibs. ins. 
Flameproof for mines, steel- Speeds down to I rev. in 
works, oilfields, etc. 24 hours. Commutator or 

Induction Motors. 





Instrument Motors and 


Geared Units. Permanent Magnet 


KLAXON LIMITED 


é Synchronous Motors 1,500 Motors. 
A Company of the Windsor Group a : : 
49 UPPER BROOK STREET, LONDON, W.I. MAYFAIR 9020. com. or 3000 rpm. Sye Wide range available to meet 
Works : Warwick Road, Tyseley, Birmingham, 11. chronous Geared Units to specific requirements. Illus- 
Tel : Acocks Green 1654. 0.033 f.p.m. trated — 6V D.C. 1 ozs. ins. 
Tingewick Road, Buckingham. Tel: Buckingham 3186. 


1,440 r.p.m. CVS26 


SOUND DESIGN. BASED ON EXTENSIVE RESEARCH 
ANDOVER I10 YEARS EXPERIENCE PLACES 


DEWRANCE 


IN AN UNRIVALLED POSITION TO 
SUPPLY THE STEAM ENGINEER. WITH 


BOILER MOUNTINGS AND VALVES 


APPROPRIATE TO MODERN CONCEPTIONS OF STEAM PLANT DESIGN 


IT IS NOT WITHOUT SIGNIFICANCE THAT THE 


UNITED KINGDOM ATOMIC ENERGY AUTHORITY 
SELECTED 


DEWRANCE VALVES & HEAT EXCHANGER FITTINGS 


FOR 


CALDER HALL A & B 
& CHAPEL CROSS 


HEAD OFFICE GREAT DOVER Ss vaeeey, 


Leageenk. $.€.1 Phone HOP 1244 (10 lines) 
WORKS: LONDON - BRADFORD - DUMBARTON - HILLINGTON 
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Serving the Nuclear Energy Industry 
















Although TI is not directly engaged in constructing nuclear- 
process plant, it is playing its traditional part in supplying 
essential equipment and components . . . Some TI companies 
have had half a century of experience in providing parts 

to meet the ever-higher temperatures and pressures and 
increasingly corrosive circumstances of engineering and 


chemistry. This has meant that a number of TI’s general-run 
Z 


products were immediately suitable for nuclear energy "4° 
AA 


while the experience so gained yielded the necessary Z 


“know how ” when the need arose for the fabrication of 
components from difficult metals, like uranium, beryllium 
and zirconium. Research at Tube Investments laboratories 
at Cambridge, Birmingham and Walsall, and development 
work by the TI companies engaged in this specialised 
field, actively continue to widen the range of 


TI’s services to the atomic energy industry. 


Confidential technical co-operation is always available to research organisations or 


companies confronted by problems in the particular directions in which TI operates. 


Tl’s Nuclear Energy Products 


Here are some of the products which have been made by TI companies: Tubes in uranium, 
beryllium, zirconium, vanadium, niobium, and thorium. Tubes in alloy and stainless 

steels, tantalum, molybdenum, aluminium, and ptre. Thin-walled tubes in zirconium, stainless 
steel, nickel and nickel base alloys down to 0.003”. Composite tubes — metal to metal, 

graphite and plastic. Finned aluminium, steel and flexible stainless steel tubes. 

Mechanical seals and gland packings. Machined components in stainless and other steels, 

flanges and couplings. Heat exchanger coils and assemblies. Seamless stainless steel 

pressure shells, cylinders and gas bottles. Specialised mills for rolling uranium and other metals. 


Tli’s Radioactive Research 


In addition to developing nuclear energy plant equipment, TI is also 
concerned with the uses of the industry’s by-products. A “* hot’”’ laboratory 

is being established at the Tube Investments Research Laboratories, 

Hinxton Hall, Cambridge, for work on radioactive materials and a study 

of the industrial application of radioisotopes and tracer techniques. Britain’s 
first multi-purpose high voltage accelerator for industrial applications has also 
been installed there to assist research into the potential uses of high 


energy radiation as a means of producing new materials. 





Inquiries are welcomed by the Atomic Energy Liaison Office, 


TUBE INVESTMENTS LIMITED, PLUME STREET, BIRMINGHAM, 6 
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FOR ABSOLUTE PRECISION 
in lapping, polishing or fine grinding 
















of tools, gauges, dies, moulds and 
metallurgical specimens . ... . 


the first requirement is 


HYPREL 


DIAMOND COMPOUND 


HYPREZ is fast and economical 
—there is no mixing, no waste, 
no special laps, and the result- 
ing finish is free from fault. 
Exact grading standards 
guarantee uniformity and 
each grade is clearly 
identifiable by colour. 
HYPREZ is supplied ready 
for use, in dust- 
proof cartridges for 
loading into appli- 
cator gun. 


We shall be pleased 
‘‘There’s a Hyprez Compound 
to arrange a demonstration 

for every precision grinding, 
for you— 

lapping or polishing job” 
for full details, please apply to 


ENGIS LTD“ 


HYPREZ DIVISION 








25 VICTORIA STREET 


WESTMINSTER, S.W.I 
Telephone: Abbey 2487 
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ATOMIC ENERGY 





OVER 150 
CONTROL PANELS 


Our design, engineering and installation of automatic control and 
instrumentation schemes for industry in general has naturally brought 
us in contact with the highly specialised equipment required in Britain’s 
Atomic Energy establishments, at which we maintain a seconded staff. 

Amongst the projects executed by this Division for the United 
Kingdom Atomic Energy Authority are over 150 Instrument and 
Automatic Control Panels and Cubicles, together with much other 
technical equipment. 





LUSTAN LON TOWN varec 


(INSTRUMENTATION DIVISION) 


ROXBY PLACE «© FULHAM © LONDON S.W.6 
Telephone : Fulham 7761 
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Classified Advertisements 


Rates—Classified advertisements are charged at 4/- per line. Semi- 
display setting 40/- per single-column inch. 5% is allowed to trade 


advertisers for 6 insertions, 10° for 12 consecutive insertions. Box 


numbers will be charged at 1/- extra. 


Press Day—Advertisements must be received at our head office not 


later than 15th May for the June issue. 


Remittances—Cheques and postal orders should be sent to Rowse 


Muir Publications Ltd, together with the order for the advertisement. 
Terms— All advertisements are strictly net and must be prepaid. 


Head Office—aAll advertisements should be addressed ‘“‘Classified 


Advertising” Nuclear Power, 3 Perey Street, London W.1. 





APPOINTMENTS AND SITUATIONS VACANT 





ATOMIC ENERGY 


Simon-Carves Ltd 
and 
The General Electric Company Ltd 
have set up a joint organisation to deal with nuclear power 


station projects. Research and development have been 


; going on for some time and the organisation has established 


DESIGN OFFICES 
MAYFAIR and ERITH 
Chicas nite testis 
CIVIL ENGINEERS 
AND 
CIVIL ENGINEERING 
DRAUGHTSMEN 


with sound experience of civil engineering works, including 
ps : 7 : 

‘reinforced concrete and structural steel. Starting salaries 
will range up to £1000 a year and prospects for really good 


men are exceptional. 


The minimum technical level required is Higher National 
Certificate in Civil Engineering, or equivalent qualification. 
Working conditions are excellent. Three weeks’ annual 


holiday. A pension scheme is in operation. 
Please send brief relevant applications, quoting ref. UP 37, 


to Staff and Training Division, Simon-Carves Ltd, Cheadle 


Heath, Stockport. 











CHIEF PROCESS CONTROLLER 


A vacancy exists with the Industrial Group of the UNITED KING- 
DOM ATOMIC ENERGY AUTHORITY in the Headquarters of the 


Operations Branch at Risley. 


Duties.—Responsibility direct to the Director of Operations for the 
planning and coordination of the technical aspects of production in 
the various Works in the North of England and Scotland, for produc- 
tion programming and planning and for advising on technical policy 
for Works operation. Responsibility also for: the standardisation of 
methods of technical control, reviewing of flowsheets, production 
returns and costs, and the coordination of research and development 
relating to current plants (which include Thermal and Fast Reactors and 


Diffusion Plants) and processes, including Chemical and Metallurgical. 


Qualifications and Experience.—Candidates should hold an Honours 
degree and be Corporate Members of one of the Senior Institutions, 
preferably that of Chemical Engineering. The post calls for adminis- 
trative organising ability of a high order and wide experience of the 
kind necessary to ensure the successful performance of the duties out- 


lined above. 


The salary will be related to the qualifications of the selected candi- 
date and will be within a range which recognises fully the considerable 


responsibilities of the post. 


Suitably qualified persons are invited to write to the Director of 
Operations, U.K.A.E.A., Industrial Group H.Q., Risley, Near W arring- 


ton. 


Reference No. 1391. 
Closing Date 7th May, 1956. 





4.M.I.Mech.E., B.Se., A.M.I.C.E., A.M.Brit.I.R.E., A.M.I.Chem.E., 
etc.. on “NO PASS—NO FEE” terms. Over 95°, successes. For details 
of Examinations and Courses in all branches of Engineering, write for 
144-page Handbook—FREE. B.1.E.T. (Dept. 329) College House, 
Wright’s Lane, London W.8. 





PROGRESS IN NUCLEAR ENERGY. Eight international series 
under this heading are to be published shortly. Volume One in the 
first Series, Physics and Mathematics, has just been published. 400 
pages, 200 illustrations. Price 84s. net. 

A fully descriptive leaflet on this and other volumes in the Series 
can be obtained from the publishers, PERGAMON PRESS, 4 and 5 


Fitzroy Square, London, W.1. 
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STEEL FABRICATI 
HEAVY ATO hee 


Ess 5 
st nine 
corr 


Se 


MIC PLANT 


LIMITED 
DUDLEY - 


TELEPHONE 


yessees 
Ba colts 


DUDLEY 2431-3 


pre ee 


LEAD LININGS 


p TO 
HOT PRESSINGS U 
4; in. thick, 11 ft. squ uare 


EST. 1750 





WORGESTERSHIRE 


TELEGRAMS: 


GRAZEBROOK, DUDLEY 
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DEVELOPMENTS LTD. 
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instrumentation 









SCALER 








+ PRESCALER 
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SINGLE CHANNEL 





FOR THE LABORATORY 


SCINTILLATION COUNTING 


Interchangeable units for precision counting of 
radio-isotopes. Teaching, routine or precision 
counting to exacting beta and gamma 
spectrometry. 

I.D.L. equipment includes Geiger-Muller tubes, 
Scintillators, Planchets, leadware and remote 
handling tongs. 


ray 





COUN 
m4 pond 
SCINTILLATORS ) 








UNIVERSAL ag ea 
Ad 
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PULSE ANALYSER 











AMPLIFIER AND 
DISCRIMINATOR 


WIDE BAND 











EXTREME 
STABILITY 
E.H.T. SUPPLY 
UNIT 











We are exhibiting 
at the Physical 
Society Exhibition 
STAND No. 92, 
New Horticultural 
Hall, Westminster, 
S.W.1. 14th-17th 
May, 1956. 


| ! 
FOR INDUSTRY 
Weight, Thickness and Density 


Gauge, Monitor, 
Static Eliminator, Level Gauge. 


Package 








FOR REACTORS 


Special experience in equipment for controlling, 
safeguarding and health monitoring of reactors. 
Also experimental equipment for use on and 
around them. 





Laboratories & Works: BEENHAM GRANGE, 


London Sales Office: 





Full particulars from ISOTOPE DEVELOPMENTS LTD. 


ALDERMASTON WHARF, Nr. READING, BERKS. 
Telephone: Woolhampton 451 /3 


120 Moorgate, London, E.C.2 
Telephone: 


METropolitan 9641 
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NUCLEAR 
POWER 


ENGINEERING 


The illustration shows the operating mechanism 














designed to fulfil the conditions of moving the 
control rods of a thermal reactor. 

It is driven by a synchronous control torque- 
motor through a 20: 1 gear ratio on to an edge- 
wise wound cable drum, giving one slow “ out” 
speed, two faster “in” speeds and holding the 
control rod in any required position. The speed 
of the rods to the “ shut-off” condition is con- 
trolled by a permanent magnet current brake. 


120 of these operating mechanisms are 
now being manufactured for the Atomic 
Energy Authority’s Power Station at 
Calder Halle. 


Whatever the primary source of energy, 
Metropolitan-Vickers 
GENERATING PLANT 


will provide the Electrical Power 


METROPOLITAN -VICKERS 


ELECTRICAL CO LTD TRAFFORD PARK « MANCHESTER 17 


Constituent Member of A.E.I. John Thompson 
Industrial Nuclear Energy Group 


T/ASOI 
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PRESENT AND FUTURE 


. 


An industry manufacturing nuclear power plant for the world is 
coming into being in Britain. In the forefront, the John Thompson 
Group is employing the resources of both its conventional steam 
plant companies and its chemical engineering companies, which 
have supplied specialised equipment for atomic projects since the 
earliest days of atomic experimentation in Britain. John Thompson 
engineers, trained at Britain’s Atomic Centres, are collaborating with 
engineers of Associated Electrical Industries Limited and the U.K. 
Atomic Energy Authority in the design of some of Britain’s first 
commercial nuclear power stations of the gas-cooled graphite- 
moderated type. Simultaneously, another team of Thompson 
JOHN engineers is producing, with the Atomic Energy Authority, designs 
THOMPSON of plant which is being manufactured in John Thompson’s works 
for the more advanced “fast breeder’’ reactor now being built 
GROUP for experimentation at Dounreay. 


THOMPSON LIMITED, WOLVERHAMPTON, ENGLAND 


TG 101 








